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THE RESULTS OF THORACOPLASTY FOR PULMONARY 
TUBERCULOSIS ELEVEN TO SIXTEEN YEARS AFTER OPERATION 


A Compete Fo.ttow-Ure REport 


ArtTHUuR H. Aurses, M.D., ANp Maurice 8S. Harte, M.D. (By INvITATION) 
New York, N. Y. 


N 1941, one of us (A. H. A.)' reported the results of ninety consecutive thora- 

coplasties for pulmonary tuberculosis which had been performed at the 
Montefiore Hospital from Jan. 1, 1935, to July 1, 1940. Our statisties covered a 
follow-up period of from one to six years and showed that in sixty-four cases 
the disease had been arrested,* in sixteen cases it had not been arrested,* in 
six cases there had been postoperative deaths, and in four eases late deaths. 
We were impressed with the fact that in the disease arrested group, there were 
forty-three patients with a follow-up period of over thirty months, and all but 
one of these were able to work full time. 

Because of the general belief that the good results of thoracoplasties 
diminish with a long period of observation and because the duration of the first 
follow-up was relatively short, we were interested to learn the present state of 
the eighty patients who were alive at the time of the original report. 

This report is now based on a follow-up period of from eleven to sixteen 
years. The condition of each patient was ascertained during 1950 and 1951. 
The information concerning those who are alive was acquired from our own 
follow-up clinic, from private physicians, from the board of health or hospital 
elinies, and, in only seven instances, from a questionnaire returned to us by the 
patient himself. The data include results of recent concentrated sputum smears, 
sputum cultures, and gastric cultures, as well as roentgenographie examination 
reports. The cause of each death was obtained from hospital records and reports 
of post-mortem examinations. We consider this follow-up study complete 
(Table I). 

From the Surgical Division and The Division of Pulmonary Diseases, Montefiore Hospital. 

Read (by title) at the Thirty-second Annual Meeting of The American Association for 
Thoracic Surgery, Dallas, Texas, May 8-10, 1952. 

*In the report of 1941, the clinical classification of “arrested” and “not arrested” was 
used in conformity with the classification in use at that time. Some of the patients in the 
“arrested” group could have been classified as ‘apparently cured,” but for simplification only 
the two groups were used. In classifying the patients at present, we have used the 1950 clas- 
sification: “inactive,” “arrested,” and “active.” 


329 





330 THE JOURNAL OF THORACIC SURGERY 


TABLE I, RESULTS IN NINETY THORACOPLASTIES FOR PULMONARY TUBERCULOSIS WITH STATUS 
IN 1941 AND 1951* 








STATUS 
1941 status 1951 
6 died 
postopera- 
tively 
4 died in 
first year 








Remained inactive 

1—Committed suicide 2 years post TPL. Sputum neg. 
at that time. Follow-up too short for evaluation 

1—Died 1950, cerebral hemorrhage. Disease INACTIVE 
15 years 








Died from 
nontubercu- 
lous 





causes 1—Died 1946, brain tumor. Disease INACTIVE 9 
64 years. P.M. 3 mm. cavity in each lung. No tubercle 


bacilli found on stained sections 
1—One-stage 3-rib TPL (1937). Bilateral reactivation 
(1944). Bilateral collapse therapy. INACTIVE 
since 1947 
Reactivation |1—Contralateral reactivation 10 years post TPL. Con- 
of tubercu- tralateral TPL. Died 6 months later 
losis 1—Contralateral reactivation 5 years post TPL. Died 
1 year later, coronary occlusion 
1—Contralateral reactivation 5 years post TPL. Con- 
tralateral TPL and cavernostomy. Doing poorly. 
ACTIVE 
Died. Progressive pulmonary tuberculosis. 4 to 10 years post TPL 
Died. Cancer of the stomach. 5 years post TPL. Still had ACTIVE 
TBC 
Sputum became Neg. 7 years post TPL. Contralateral reactivation 5 
years later. At present is a respiratory cripple. ACTIVE 
Clinically well. No roentgenographie evidence of active disease. Occa- 
sional positive sputum cultures. ARRESTED 
16 1—Sputum became Neg. 3 years post TPL. Died 4 years 
Not later following esophagogastrectomy for cancer of 
arrested the stomach. P.M. no active tuberculosis present 
1—Sputum became Neg. (1943) 4 years post TPL. Has 
remained INACTIVE 
Became 1—Sputum became Neg. (1942) 5 years post TPL. Has 
inactive oy U > } £. J42) 09 years pos 4 as 
remained INACTIVE 
1—Sputum became Neg. (1944) 8 years post TPL. Has 
remained INACTIVE 
1—Sputum became Neg. (1946) 9 years post TPL. 
remained INACTIVE 
1-—Sputum became Neg. (1950) 13 years post TPL. 
remained INACTIVE 


*Ninety patients operated on from 1935 to 1940. 
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There were sixty-four patients in the disease arrested group: fifty-seven 
have remained classified as having inactive disease,* three died from nontuber- 
culous causes, and only four had a reactivation of their disease. All of. the 
fifty-seven patients are either employed full time or doing their own housework; 
they have no significant disability a3 a result of their original disease or their 
operation. 

One of these patients developed some enlarged cervical nodes, probably 
tuberculous, six years after thoracoplasty; however, with roentgen ray therapy, 
they gradually disappeared and have not recurred. Many developed a mild 
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scoliosis postoperatively which, in most cases, was only noticeable on the 
roentgenogram and had no clinical significance. In only one patient was it 
severe and somewhat deforming, but it caused no disability. Some of these 
patients with inactive disease have mild dyspnea, but it is not so severe as to 
interfere with normal activity. Many of them have undergone surgical 
procedures for other diseases; some have even had multiple surgical operations. 
A number of the women patients have married and have had children. 

There were three deaths from nontubereculous causes. One was a suicide in 
1942. This patient had a two-stage thoracoplasty in 1940 at which time, 
although the sputum became negative, a third stage was contemplated. He was 
a psychiatric problem, and before the third stage could be performed he had 
to be transferred to another institution where, in 1941, despite a negative 
sputum, a revision thoracoplasty was performed. We consider this case the 
only one in this series with a follow-up period too short for true evaluation 
of the result of the operation. The second death, due to a cerebral hemorrhage, 
occurred fifteen years after the thoracoplasty, which had been performed in 
1936. This patient had had consistently negative sputum since 1939. The 
third death occurred in 1946. This patient had a thoracoplasty in 1938; the 
disease had been inactive for eight years. In 1946 she developed a brain 
tumor (astrocytoma) and died following a craniotomy. The post-mortem 
examination revealed the following pulmonary findings: In the left lung 
(thoracoplasty side) the pleural cavity was obliterated; there were especially 
dense adhesions at the apex; the upper lobe was very small; cut sections showed 
one small 2 to 3 mm. cavity without a firm fibrous wall and which did not contain 
any caseous material. In the right lung there were dense adhesions at the 
apex: the apical parenchyma was retracted, and there was one 3 to 4 mm. cavity 
containing yellowish purulent caseous material beneath the pleura; no tubercle 
bacilli were found on Ziehl-Neelsen stain. 

Four patients had a reactivation of pulmonary tuberculosis. In one patient 
the disease has become inactive again following further collapse therapy. This 
patient had a one-stage, three-rib thoracoplasty in 1937 and remained well for 
seven years. She then developed contralateral cavitary disease with positive 
sputum, for which pneumothorax was instituted. A cavity was then found 
caudad to the thoracoplasty. Further rib resection was performed in 1947, and 
the sputum again became negative. The disease has remained inactive. The 
second patient in this group was operated upon in 1939 and had been well for 
ten years when she developed a cavity in the contralateral apex. A thoracoplasty 
was performed, but the patient died six months later from cor pulmonale and 
heart failure. The third patient to reactivate had been operated upon in 1940. 
He developed hyperthyroidism one year later; this responded to therapy. The 
disease had been considered inactive for five years when, in 1945, there was 
reactivation in the contralateral lung with positive sputum. With the patient 
on bed rest for one year, the sputum became negative; however, a coronary oeclu- 
sion in 1946 caused death. The fourth patient to have a reactivation of the 
disease had had a right thoracoplasty in 1937 and was well until 1943, at 
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which time a cavity was found in the left apex. After bed rest for sixteen 
months, the disease was again considered inactive and the patient was discharged 
from the hospital. In 1946 he developed another cavity and had positive sputum. 
He went to Colorado where, in 1948, a left thoracoplasty was performed, followed 
by a eavernostomy in 1949. In 1950 he returned to Montefiore Hospital. Here 
the patient’s sputum has been consistently negative, but there is a chest wall 
infection around the cavernostomy sinus. The patient is attending the clinic, 
but he is slowly losing weight. The prognosis is poor. 

Of the sixteen patients who still had positive sputum at the time of the 
original report, seven have since died from pulmonary tuberculosis; one, four 
years; one, six years; two, seven years; one, eight years; and two, ten years 
after operation. Only oceasionally did the sputum become negative for short 
periods at a time. 

One patient, who had been operated upon in 1938 and had a persistently 
positive sputum, died of a carcinoma of the stomach in 1943. Another is a 
respiratory cripple with active tuberculosis. Shortly after the original report 
in 1941, this patient’s sputum beeame negative and remained so until 1947, 
when there was a reactivation of the disease. She now has active bilateral 
tuberculosis with marked respiratory difficulty. One patient upon whom a 
thoracoplasty had been performed in 1940 is now clinically well. Occasionally 
during an upper respiratory infection a positive sputum is found on culture, 
but there is no roentgenographie evidence of active tuberculosis. Therefore she 
is considered as an arrested case. 

In the remaining six patients the disease became inactive at varying periods 
after the initial report. This change occurred without the aid of streptomycin, 
para-aminosalicylie acid, or additional surgical procedures. Three years after 
operation, the first patient, in whom the disease became inactive, later developed a 
carcinoma of the stomach and died following an esophagogastreectomy, which was 
performed seven years after the thoracoplasty. No evidence of active tuber- 
eulosis was found on post-mortem examination. In the second patient, upon 
whom a rib resection was performed in 1939, the disease became inactive four 
vears later; he has remained completely well. In the third patient the disease 
became inactive in 1942, five vears after thoracoplasty. He has remained well 
since then. The fourth patient in whom the disease became inactive had a 
thoracoplasty in 1936. In 1944 the disease became inactive. The patient has 
remained well. In 1946 the disease became inactive in the fifth patient. This 
was nine years following the operation. He, too, has remained well. The last 
patient of this group had active tuberculosis for thirteen years. He had been 
operated upon in 1937 and not until 1950 did the sputum become negative, at 
which time he was discharged from sanatorium eare. He, too, has remained well 
since then. 

In this group of late conversions the disease has now been inactive in four 
patients for more than five years. Another has had a negative sputum for 
eighteen months. And another patient died four vears after sputum conver- 
sion; no active tuberculosis was found at post-mortem examination. 
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In our 1941 report we also noted that in a small number of patients sputum 
conversion occurred relatively late. The role of thoracoplasty in the course 
of the disease in these patients with late sputum conversion might be questioned. 
Nevertheless, when the high mortality of cavitary disease during the pre- 
streptomycin era is considered, the fact that the operation had some influence 
on the end result must be recognized. 


TABLE II. PRESENT STATUS OF EIGHTY PATIENTS WHO WERE ALIVE IN 1941 











Patients alive in 1941 


80 





| 
Living Dead 


66 





ie | | | cm 
Tnactive Arrested Active From non- From 
: : tuberculous causes tuberculosis 
63 1 2 
6 S 
. . ! . 
Had inactive Had active 
tuberculosis at tuberculosis at 
time of death time of death 


2) 





Reviewing the present status (Table I1) of the eighty patients who were 
alive in 1941, we find that sixty-six are alive, sixty-three with inactive disease, 
one with arrested disease, and two with active tuberculosis. Of the fourteen 
who have died, eight succumbed to progressive tuberculosis, and six died of 
nontuberculous causes. Four of this latter group had inactive disease at the 
time of death. 

In the original series of ninety thoracoplasties, we reported six postopera- 
tive deaths and four deaths which occurred within the first year after operation. 
Furthermore, in at least five, of the sixteen unsuccessful cases, wound infection 
caused a long delay between stages. This might have been the direct cause of 
the poor result. At the present time, through the use of streptomycin and 
penicillin to prevent postoperative spreads and wound infections, practically 
all postoperative deaths and wound infections may be averted. Therefore, were 
thoracoplasty performed upon a similar group of ninety patients under our 
present-day medical and surgical management, the immediate good results would 
be greatly increased. In consequence the long-term follow-up statisties would 
reflect this improvement. 

The end results of any type of therapy for pulmonary tuberculosis will be 
dependent not only upon the therapeutie procedure, but also upon the patients 
selected for such therapy and the follow-up care which they receive. 

Most of the patients subjected to thoracoplasty at Montefiore Hospital 
during the years 1935 to 1940 were Jewish; as a people their resistance to 
tuberculosis is better than many of the other racial groups living in New 
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York City. The patients were all observed for varying periods of time before 
operation, and operated upon only when they were in good general condition 
with stabilized disease processes. Our indication for thoracoplasty in those 
years was cavitary pulmonary tuberculosis with minimal or no disease in the 
contralateral lung. Endobronchial tuberculosis had not as yet assumed the 
clinical importance that is attached to it today. Only 10 per cent of our 
patients had a preoperative bronschoscopic examination. Unless the pathogenesis 
of tuberculosis has changed in the last fifteen years, the percentage of endo- 
bronchial tuberculosis present in our ninety patients would not be significantly 
different from that found today. 

After operation, the great majority of the patients were sent to the sana- 
torium for convalescence, where they were still under the observation of the 
same medical staff. Following discharge from the sanatorium, most of the 
patients were helped by the Altro Health and Rehabilitation Services, Inc.,* for 
a minimum of five years. They remained under the care of physicians on the 
hospital staff. Many of these patients received their rehabilitation in the 
workshops of the Service where they passed through increasing hours of em- 
ployment until they were deemed ready to be returned to industry. During 
this period of rehabilitation, the patient and his family received financial aid 
from welfare organizations if required. Such a program undoubtedly has an 
effect upon the end results of therapy. 

As we review the ease histories of these ninety patients, it is evident that 
the great majority of them would not be subjected to thoracoplasty at the 
present time, but would be considered as excellent subjects for some type of 
resection therapy. One of the reasons given for the choice of resection in place 
of thoracoplasty is that the diseased area is removed and therefore no longer 
ean be a source of danger to the patient. If we analyze the four cases in our 
series in which reactivation occurred we find that the collapsed lung beneath 
the thoracoplasty cannot be blamed for the appearance of new disease foci. 
Three of the reactivations occurred in the contralateral apex, without any 
evidence of disease in the collapsed lung. In the fourth patient there was a 
bilateral reactivation, but this patient had had a three-rib, one-stage thoraco- 
plasty, a procedure no longer considered adequate. This long observation 
period shows that if the thoracoplasty rapidly controls the underlying disease, 
it will rarely, if ever, be a source of danger to the patient. 


SUMMARY AND CONCLUSION 


1. A follow-up report on a series of ninety thoracoplasties for pulmonary 
tuberculosis originally reported in 1941 is given. 

2. The follow-up period ranges from eleven to sixteen years. The causes 
of death have been accurately determined. The status of every living patient 
has been ascertained. 

3. Of sixty-four patients in whom the disease was considered as arrested at 
the time of the original report, in 57 the disease has remained inactive up to the 
present time. One patient with negative sputum committed suicide two years 


*Formerly the Committee for the Care of the Jewish Tuberculous. 





AUFSES AND HARTE: RESULTS OF THORACOPLASTY 335 


after operation. Two patients died of nontuberculous causes; both had inactive 
disease for long periods. Four patients had reactivation of their tuberculosis. 
The disease has again become inactive in one of these patients. 

4. Of the sixteen patients who still had positive sputum at the time of 
the first report, six had late sputum conversion, and subsequently the disease 
has remained inactive. One patient is clinically well, with occasional positive 
cultures, and is classified as an arrested ease. Active tuberculosis persisted in 
nine patients: eight died from four to ten years after the operation; one is still 
alive. 

5. Of the eighty patients alive in 1941, sixty-six are still alive: sixty-three 
with inactive disease, one with arrested disease, and one with active tuberculosis. 
Of the fourteen who died, four had inactive disease at the time of death. 

6. The early favorable results of thoracoplasty tend to persist over a long 
follow-up period. The number of patients who have late sputum conversion 
tends to offset the number who subsequently reactivate. 

7. Today with the addition of the antibiotics thoracoplasty performed upon 
a selected group of patients should yield a very high percentage of early good 
results, which can be expected to be maintained over a long period of time. 

We wish to thank Miss Molly Skodnik and Miss Beatrice Kaplin of the Social Service 
Department of Montefiore Hospital for their kind assistance in the follow-up study of these 
patients. 
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PULMONARY HEMATOMA 


COLONEL JOHN M. SALYER (BY INVITATION), MAasor Hu A. BLakeE (BY INVITA- 
TION ), AND COLONEL JAMES H. ForsEe, Mepicat Corrs, UNITED STATES ARMY 
DENVER, COLO. 


IIREE interesting case problems of round or ovoid discrete intrapulmo- 

nary shadows demonstrated roentgenographically following nonpenetrating 
injuries of the thoracic cage, with associated ipsilateral or contralateral simple 
rib fractures, have recently been encountered at Fitzsimons Army Hospital. 
Exploratory thoracotomy and removal of the involved tissue has proved these 
to be accumulations of localized coagulated blood. The present trend in the 
surgical exploration and removal of so-called round pulmonary lesions, as 
tuberculomas, coccidioma, histoplasmosis, and suggestive primary or metastatic 
neoplasms, is an important advance in our ever increasing efforts directed to- 
ward early and accurate diagnosis and treatment of pulmonary lesions.’ In 
many instances correct diagnosis must await the histopathologic examination 
of the removed tissue. and to defer exploration may result disastrously. The 


mortality of exploratory thoracostomy is, in our experience, less than 1 per 
cent. In the three cases to be reported in this article the possibility of the 
pulmonary lesion being a traumatic hematoma was entertained but could not 
be confirmed by our present means of diagnosis short of exploratory thoracos- 
tomy.? Even though the patients were all under 25 years of age, youth is no 


guarantee against malignancy. 


CASE REPORTS 

CASE 1.—A 23-year-old soldier had considered himself in excellent health until he was 
struck by an automobile on Oct. 13, 1951. He suffered multiple superficial lacerations of 
the arms and face and was unconscious for one hour following injury. He felt well the 
following day; the only symptom was mild chest pain on the right side. There was no 
hemoptysis, dyspnea, temperature elevation, or weight loss. A chest roentgenogram taken 
at the time of his induction into the Army in February, 1951, was considered negative. 

The chest roentgenogram following the accident revealed fractures of the third and 
fourth ribs posteriorly on the right, and a 5 by 4 em. round, well-cireumscribed, dense lesion 
localized in the right lower lobe (Figs. 1 and 2). A thorough clinical and laboratory work- 
up revealed no explanation for this large rounded density. Bronchoscopy was negative. 
The tuberculin, histoplasmin, and coccidioidin skin tests were negative. 

Right exploratory thoracotomy was performed Dec. 13, 1951. There were no pleural 
adhesions and no pleural fluid. Deep within the basal portion of the lower lobe was a firm, 
rubbery mass which appeared to be slightly larger than the shadow demonstrated on roent- 
genogram. The hilar lymph nodes were normal. Right lower lobectomy was performed, and 
the patient recovered uneventfully. The essential gross and microscopic findings were: A 


From the Surgical Services, Fitzsimons Army Hospital, and the Department of Surgery, 
University of Colorado School of Medicine. 

Read (by title) at the Thirty-second Annual Meeting of The American Association for 
Thoracic Surgery, Dallas, Texas, May 8-10, 1952. 
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5 em. eystic cavity was filled with what appeared to be clotted blood. The inner surface of 
the cyst was slightly irregular. Bronchi had walls of average thickness and showed no 
ectasia. Lung tissue was quite crepitant throughout. There were some areas of atelectasis, 
and numerous pigment-filled macrophages are seen. Some foci of chronic inflammatory cells 


Fig. 1. Fig. 2. 
Fig. 1—Case 1. Round lesion on the right side. 
Fig. 2.—Case 1. Lateral view showing round lesion on the right side. 


Fig. 3.—Case 2. An area of increased density can be seen on the right side. Also shown is 
fractured ninth left rib. 

were found, especially in and about the walis of the bronchioles. The edge of the lesion re- 

vealed compressed alveoli and fibrous tissues on which masses of red blood cells were found. 

Some blood pigment was found in this fibrous tissue wall. The patient made an uneventful 

recovery and returned to full military duty. 
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CASE 2.—This 21-year-old soldier was injured while riding in a car that struck a con- 
crete abutment on May 12, 1951. He lost consciousness at the time of the accident and 
had alternate periods of unconsciousness for the next twenty-four hours. The patient expecto- 
rated small amounts of blood for a few days following injury and experienced moderate dyspnea 
and pain on deep inspiration, Physical examination revealed rather marked dullness over the 
right lower chest, posteriorly, and decreased breath sounds over this same region. The chest 
roentgenogram revealed a homogeneous, rather well-circumscribed, 7 by 4 em. density prob- 
ably in the right lower lobe, and he was transferred to Fitzsimons Army Hospital (Fig. 3). 
Fracture of the left ninth rib was present. Thorough clinical and laboratory study revealed 
no acceptable explanation to account for the round lesion. Bronchoscopy and bronchograms 
were negative. Moderate dyspnea on exertion continued to be the only apparent symptom. 
Right exploratory thoracotomy was performed Aug. 10, 1951, three months following the 
injury. There were no adhesions, blood, or fluid in the pleural cavity. A firm, rubbery, oval 
mass occupied the entire apical segment of the lower lobe and extended downward, involv- 
ing the upper posterior basal region. This firm tumefaction was close to the pleural sur- 
face, tense, and not fluctuant. Right lower lobectomy was performed. The pathologic diag- 
nosis was pulmonary hematoma due to trauma (Fig. 4). The postoperative course was un- 
eventful and he returned to full military duty. 
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Fig. 4.—Case 2. Gross surgical specimen of hematoma found in the right lower lobe. 


Case 3.—A 20-year-old soldier was transferred to Fitzsimons Army Hospital on Sept. 
28, 1951, with a tentative diagnosis of lung cyst in the left lower lobe. He was asympto- 
matic. Following an automobile accident on July 4, 1951, the patient expectorated small 
amounts of blood-streaked sputum every morning for one week. He reported on sick eall 
because of hemoptysis, and chest roentgenogram revealed a fracture of the first rib on the 
left and a discrete, round, 2.5 cm. lesion near the left lower lung field. Thorough clinical 
and laboratory investigations were otherwise negative. Bronchoscopy was negative. The 
chest roentgenogram was unchanged after three and one-half months, except a fluid level 
was at times demonstrable (Fig. 5). 
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Left exploratory thoracotomy was performed Oct. 19, 1951, ten weeks after injury. 
A 2.5 em., soft, cystic lesion was found in the anterior basal region of the left lower lobe. 
There were fibrous pleural adhesions about the cystic mass, which had a soft wall and was 
just beneath the visceral pleura bordering on the interlobar fissure. The cystic lesion was 
removed by wedge excision. The pathologic diagnosis was hemorrhagic cyst (probably due 
to trauma). The thin-walled cavity was filled with a necrotic and disintegrating blood clot. 
Cultures for fungi and tubercle bacilli were negative. After an uneventful postoperative 
course and a period of reconditioning, the patient returned to full military duty. 





Fig. 5.—Case 3. Air and fluid in cystlike lesion in left lower lung field. 


It is clear from this study of three young patients with persistent, solitary, 
and diserete roentgenographiec pulmonary shadows, following simple rib frac- 
tures, that such pulmonary densities may occur and present problems in dif- 
ferential diagnoses that can only be properly evaluated by exploratory thoracot- 
omy. Sealy studied thirty-nine patients who had suffered rather extensive 
contusions of the body as a result of nonpenetrating injuries caused by high 
explosive bombs.’ In most instances the injured lung was adjacent to the con- 
tused thoracic wall; the usual roentgenographie findings, if a hemothorax or 
pneumothorax was not present, were diffuse infiltrations appearing as areas 
of consolidation and atelectasis usually localized to the lower lobe on the side 
of the thorax showing signs of external injury. The areas of consolidation 
were significant in that they subsided rapidly, averaging about six days. He 
concluded that the pulmonary shadows were most likely due to edema and 
parenchymal hemorrhage. None of the patients presented round or discrete 
pulmonary lesions, and none had evidence of contra-coup contusion of pulmo- 
nary parenchyma to roentgenographic examination. In only ten of the patients 
with pulmonary infiltration did he find evidence of rib fractures. The exact 
mechanism of pulmonary contusion following nonpenetrating chest trauma, 
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especially when the parenchymal injury is not caused by rib fragments or blast 
explosions, is not thoroughly understood.*: + 

It is difficult to predict in what manner and over what period of time a 
large pulmonary hematoma will show regression or complications, if it is not 
removed by surgical excision. It is likely that the two lesions which did not 
show evidence of cavitation would ultimately have healed. However, suppura- 
tion of a chronic character, with pseudo cyst formation on the one hand, and 
frank abscess on the other, could have been the final outcome. 

Exploratory thoracotomy was the indicated procedure on each patient, 
since there was no appreciable change in the localized pulmonary shadows after 
observations for periods of eight, ten, and twelve weeks. Segmental excision 
or lobectomy is the preferable surgical therapy in the absence of the known 
etiology. Aspiration into the pulmonary tumefactions and evacuation of the 
hematoma may occasionally be desirable but in our limited experience with pul- 
monary hematoma formation following segmental pulmonary resection ex- 
cisional therapy appears preferable. In our experience pulmonary lobectomy 
is being performed with a very low operative mortality; 560 consecutive lobec- 
tomies have been performed on adults for all causes with only 0.71 per cent 
deaths within sixty days of operation. 

Three patients with relatively unchanging discrete pulmonary densities 
on roentgenologie studies were found to have intrapulmonary hematomata after 


the localized lesions were removed at thoracotomy, one by wedge excision and 
two by lobectomy. The patients had suffered simple rib fractures from eight 
to twelve weeks prior to removal of the hematoma. The hematoma was, in 
one instance, contralateral to the rib fracture. This condition may not be dis- 
tinguishable from neoplastic pulmonary lesions and is an indication for explor- 


atory thoracostomy. 
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VOLVULUS OF A LOBE OF THE LUNG AS A COMPLICATION OF 
DIAPHRAGMATIC HERNIA 


A Case REportT 


Hersert T. Ranspvevi, JR., M.D.,* Anp Ropert G. Eviison, M.D.** 
Avuaeusta, Ga, 


LTHOUGH a large volume of anatomic, pathologic, physiologic, and clinical 

data regarding diaphragmatic hernia and its effects on the herniated visceré 
is found in the literature, there is little information concerning the effects of the 
hernia on the lungs. The total data are well summarized by statements such as 
that of Moore, ‘‘There is in consequence . . . complete compression atelectasis 
of the lung’’; or that of Harrington,” ‘‘In such eases there may be some delay 
in expansion of the lung following operation because of adhesions produced by 
the continuous collapse’’; or that of Holt and MeIntosh,* ‘‘This . . . prevents 
full expansion of the left lung, and if the deformity occurs early in intrauterine 
life the lung may remain rudimentary.’’ 

In a complete review of the literature we have been unable to find a single 
case of torsion or volvulus of a lung, or portion thereof, either alone or as a 
complication of other conditions including diaphragmatic hernia. In faet we 
have been able to find only one statement as to the possibility of such occurrence. 
Overholt* in an article on segmental pulmonary resection states, ‘‘We know of 
no instance where a remaining portion of a lobe has undergone torsion following 
segmental resection. However, because of the theoretical possibility of such 
occurrence any adhesions or partial fusions of fissure lines between residual 
segments of one lobe and adjacent lung are left undisturbed.’’ We are there- 
fore reporting this case of volvulus of a lobe of the lung complicating diaphrag- 
matie hernia. We believe this is the first such case reported in the medical 
literature. 

CASE REPORT 


This 21-year-old Negro woman was admitted to the University Hospital on Oct. 10, 
1950, complaining of pain in the chest and stomach. On Oct. 2, 1950, she had a mild bout 
of nausea, which was relieved shortly by vomiting. She slept well that night but awoke early 
the next morning with gradually increasing, moderately severe, crampy, epigastric discomfort 
which radiated to the upper right quadrant of the abdomen and spread up into the right 
lower chest, and right supraclavicular and subscapular regions by late that afternoon. With 
the pain there was gradually increasing dyspnea, return of nausea with severe vomiting, and 
a mild, hacking, nonproductive cough. Late that afternoon she was hospitalized with a 
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diagnosis of acute appendicitis. Examination by the local surgeon revealed: a slightly dis- 
tended abdomen, hyperactive peristalsis, generalized abdominal tenderness most marked in 
the right upper quadrant, dullness to flatness to percussion over the right chest posteriorly, and 
breath sounds absent over the lower chest but present over the upper half. X-ray pictures 
of the chest (Fig. 1,4 and B) followed by a barium enema demonstrated a large right 
diaphragmatic hernia. She was rather vague about the week’s course of the illness and 
treatment in the local hospital. There had apparently been some moderate improvement in 
pain, nausea, and vomiting following ‘‘some shots’’ and some intravenous fluids; however, the 
symptoms continued until the patient’s transfer to the University Hospital. 


A. B. 


Fig. 1.—A and B, Posteroanterior and right lateral radiographs of the chest taken the day 
prior to admission to the University Hospital. 


Systemic review revealed mild, lifelong dyspnea, which had been particularly disabling 
and of gradually increasing severity over the past two to three years and which had been 
markedly increased in her present illness. This dyspnea was accompanied by a mild cough 
productive of small amounts of thin mucoid sputum, moderate belching, and low substernal 
‘heart burn,’’ which often extended substernally into the right supraclavicular area and was 
markedly aggravated whenever she lay on her right side, but was unrelated to food intake. 
No history of squatting or cyanosis was elicited. With the present illness there had been 
severe constipation; however, she had had one or two small hard movements with the aid of 
enemas. The systemic review was otherwise noncontributory. 

Past history revealed no previous similar attacks. There was an indefinite history of 
two bouts of uncomplicated pneumonitis. Otherwise she enjoyed good health. She had had 
no operations, injuries, or pregnancies. She denied the use of tobacco, alcohol, or drugs. 

Physical examination showed a well-developed, well-nourished, acutely ill, slightly le- 
thargic, moderately orthopneic Negro woman, who was perspiring profusely, but was well 
hydrated. Temperature was 100.6, pulse 100, respiratory rate 24, and blood pressure 136/70. 
The head was normal. There was no cyanosis or clubbing of the digits. The trachea was 
moderately displaced to the left, and no distention of the veins was noted. The chest was 
slightly barrel shaped with rapid, shallow respiratory excursions and moderate limitation of 
motion of the right chest. The left lung was well aerated with no rales. There was dullness 
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to flatness to percussion, absence of breath sounds, and marked depression of tactile and vocal 
fremitus over the lower two-thirds of the right chest posteriorly and laterally. Breath sounds 
were heard fairly well over the upper one-third of the right chest but were moderately de- 
pressed and had a slight bronchial character over the anterior lower two-thirds. No rales 
or wheezes were audible; however, there was an occasional mild expiratory grunt. Question- 
able peristalsis was heard only on one occasion over the right chest anteriorly. There was 
definite tenderness to firm pressure and heavy percussion over the entire right chest, par- 
ticularly in the supraclavicular and axillary regions. The heart was normal except for 
moderate displacement to the left. The abdomen was symmetrical and not distended. There 
was moderate abdominal rigidity and tenderness, particularly in the upper quadrants. The 
liver and spleen were not palpable but, high in the epigastrium, there was a firm mass which 
protruded 5 to 6 em. below the ensiform cartilage. Auscultation revealed a relatively silent 
abdomen. Rectal examination was normal with a small amount of inspissated feces present. 
The remainder of the examination was normal. 

Routine laboratory studies revealed: a normal urine except for one plus albumin and 
20 to 30 white blood cells per high power field, a red blood count of 3,560,000 with hemoglobin 
of 10.5 Gm., and a white blood count of 14,400 with 82 per cent polymorphocytes, 13 per 
cent lymphocytes, and 5 per cent monocytes. A barium enema (Fig. 2,°4, B, and C) done 
shortly following admission showed the distal one-half of the colon in the right abdomen and 
the proximal one-half of the colon and several loops of the distal small bowel entering the 
chest through a posterior and lateral diaphragmatic defect to fill the right hemithorax. 

The patient was placed on a conservative regime including intravenous fluids. Over the 
next few hours she became more dyspneic, and the abdominal and chest pain became more 
severe with increase in the rigidity and tenderness of the upper abdomen and right lower 
chest. There was also an elevation of temperature to 102.6° F. and an increase of the pulse 
rate to 120. Because of the definite probability of a strangulated loop of intestine it was 
felt that emergency thoracotomy was mandatory. Six hours after admission, under endo- 
tracheal anesthesia, she was placed in the left lateral position, and the right chest entered 
through a posterolateral incision in the seventh rib bed. The pleural space was filled with 
6 to 8 feet of slightly distended small intestine and the proximal one-half of the large bowel, 
both of which were covered with a thin, plastic, fibrinous exudate. The bowels had herniated 
through a posterior and lateral 5 em. diaphragmatic defect and were displacing the medias- 
tinum markedly to the left. The underlying lung was moderately atelectatic and firm, with a 
fine granular consistency throughout. Its fissures were completely developed. The middle 
lobe was consolidated, somewhat dry, slightly necrotie with severe venous congestion through- 
out, and it was twisted 180 degrees in a counterclockwise direction on a pedicle 2 to 3 em. 
in length and 1.5 em. in diameter. The lobe was untwisted, and the hilar vessels found 
completely thrombosed. It was therefore excised. Following the lobectomy, deferment of 
repair of the hernia to a later date, due to the critical condition of the patient, was seriously 
considered but proceeded with when it was noted that several loops of the herniated small 
bowel appeared to have impairment of their blood supply. Attempts to reduce the herniated 
bowel were unsuccessful even with the diaphragmatic defect enlarged to the anterior dia- 
phragmatic margin. The incision was therefore extended across the costal margin 5 to 7 em. 
vertically into the right mid-rectus region, and the herniated bowel replaced in the abdomen 
with considerable difficulty. The diaphragmatic defect and the operative wounds were closed 
anatomically with interrupted silk leaving two tubes in the pleural space. The patient with- 
stood surgery very poorly and left the operating room in poor condition. 

The immediate postoperative course was rather precarious, but by 9:00 A.M., Oct. 11, 
1952, she appeared in fair condition with the lungs free of rales; however, there was moderate 
suppression of right lung sounds. Moderate distention of the abdomen was present but 
seemed well-controlled with Wangenstein suction through a Levin tube. Two hours later she 
suddenly developed acute pulmonary edema and expired at 1:00 pP.m., Oct. 11, 1952. 


Pathology report on the surgical specimen was as follows: There was hemorrhagic in- 
farction of the entire middle lobe which measured 14 by 11 by 5 cm. The tissue was necro- 
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biotic. There was much fibrinous exudate on the pleura. While much of the blood in the 
vessels was coagulated, no thrombi were seen. 

Autopsy eight hours following death revealed the following pertinent gross findings: 
50 ec. of serosanguineous fluid in the left pleural space with normal pleura; venous con- 
gestion of the right pleura; a well-expanded and slightly crepitant left lung in which there 
was dependent congestion of the lower lobe posteriorly and patchy atelectasis with severe pul- 
monary edema throughout the remaining portions; a small right lung which was retracted 
away from the chest wall and covered with a fibrinous exudate; a surgically absent middle 
lobe; a homogeneous firm consistency, extensive pneumonie changes, and a mild pulmonary 
edema of the upper and lower lobes of the right lung; a moderately distended abdomen; a 
slightly distended small intestine which was in the mid-abdomen and rotated 180 degrees 
counterclockwise on its mesenteric attachment; moderately severe venous congestion of the 
distal 120 em. of the small intestine, the proximal 4 em. of the cecum, the distal one-half 
of the omentum and the mesentery of the small intestine; incomplete rotation of the colon; 
a moderate amount of feces in the cecum and sigmoid; and fetal lobulation of otherwise 
normal kidneys. 

Pertinent microscopic autopsy findings were as follows: a fibrinous exudate over a 
moderately thickened pleura of the right lung; extensive congestion, edema, spotty atelectasis, 
acute lobular pneumonitis, and acute suppurative bronchitis of the right lung; similar but 
less severe changes of the left lung; general congestion and moderately severe focal necrosis 
of the liver; chronic passive congestion of the spleen; albuminous degeneration of the lining 
epithelium of the proximal convoluted tubules of the kidneys; and generalized congestion, 
spotty submucosal necrosis, and foci of inflammatory cell infiltrate, much of which was 
perivascular, of the ileum. 


COMMENT 


Volvulus of the lobe of the right lung apparently occurred here because 


of a congenital anomaly in the form of a long slender pedicle containing the 
hilar structures of the lobe. It was apparently facilitated by the passage of 
the bowel into the pleural space and possibly by peristaltic action of the bowel. 
It is surprising that serious svmptoms did not occur at an earlier age. 


SUMMARY 


1. A brief review of the literature in reference to the effects of diaphragmatic 
hernia upon the lungs is given. 

2. A complete review of the literature revealed no reports of volvulus of 
the lung or portion thereof. 

3. A ease of volvulus of the middle lobe of the right lung oceurring as a 
complication of a large diaphragmatie hernia is reported. This is believed to be 
the first such case reported in the medical literature. 
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SOLITARY PLEURAL MESOTHELIOMAS 


Hector W. Benoit, JR., M.D., AND LAUREN V. ACKERMAN, M.D. 
St. Louis, Mo. 


LEURAL mesotheliomas have been the subject of much sporadic discussion 

in the literature for the past thirty years. They are not so common as to be 
encountered frequently in the practice of thoracic surgery, and yet they are 
seen and diagnosed with sufficient frequency to assume clinical importance in 
the differential diagnosis of thoracic tumors of unknown type. 

Until 1942 when Stout and Murray!’ first described the solitary (or localized 
fibrous) mesothelioma as an entity, there was complete confusion on the subject 
in the literature. The pathologists had been involved in debate over the origin 
of these tumors and their class‘fication, problems which defied resolution until 
the tissue culture work of Stout and Murray. They applied the previously 
known characteristics of mesothelial cells to the tissue obtained from a patient 
with a large pleural tumor. 

It is the purpose of this report to review briefly the evolution of the problem 


of mesotheliomas from the pathologists’ viewpoint, and to emphasize the clinical 
importance of the lesions, their diagnostie pitfalls, and the variations which 
these lesions present. Six new eases of benign solitary fibrous mesothelioma of 
the pleura will be presented. 


PATHOLOGY 


Prior to the work of Stout and Murray’ there were over 200 reports in the 
literature dealing with pleural tumors of all sorts. The essence of knowledge 
on the subject was basically limited as follows. 

Lewis in 1923, by means of tissue cultures, showed that mesothelial cells 
had an extremely labile and varied response to different culture media. In 
1927 Maximow® demonstrated the repeated growth of fibroblasts in vitro ex- 
plantation of mesothelial cells. In 1924 Robertson‘ reviewed the existing litera- 
ture of pleural tumors and concluded that they represented either sarcomas or 
metastatic carcinomas. 

Klemperer and Rabin® in 1931 again reviewed the literature, and although 
they were unable to resolve the many conflicting descriptions applied to these 
tumors, they did attempt to bring some order out of literary chaos. They recog- 
nized the diffuse type of pleural tumor, spreading over large surfaces of the 
parietal pleura with extensive invasion of the mediastinal structures, which 
followed a slow but progressive malignant course. These lesions showed epithelial 
elements as well as a fibrous stroma, and feeling they were of primary meso- 
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thelial origin, Klemperer and Rabin ealled them mesotheliomas. The less fre- 
quently described solitary pleural tumors, which had been variably deseribed as 
fibromas, fibrosarecomas, myxosarcomas, leiomyosarcomas, sarcomas, giant sar- 
comas of the pleura, sarcomalike tumors, and endotheliomas, were felt by them 
to be sarcomas of subpleural origin. They based their decision on the absence 
of epithelial elements microscopically, and the presence of only connective tissue 
and vascular elements. However, this malignant designation has not been 
substantiated by the benign course which some of these cases have followed 


clinically. 

Since 1942 when Stout and Murray’ were able to group all of these solitary 
pleural tumors under the one name of solitary fibrous mesothelioma, the 
pathologists have recognized this entity with increasing frequency, and the 
galaxy of names previously employed is no longer adding to the confusion. Also 


the malignant nature of these lesions is being much more seriously appraised 
than heretofore, and many of them are found to be completely benign. Al- 
though the solitary fibrous mesothelioma is a rare tumor, it is far more common 
than the more widely discussed diffuse mesothelioma. Because of its tendeney 
to remain localized and, even if malignant, to metastasize slowly and locally, 
surgical extirpation with eure ean be accomplished. 

Stout in 1950° reviewed the pathology of mesotheliomas and classified them 
into three groups: 

1. The diffuse spreading variety, highly malignant, and microscopically 
showing epithelial elements forming tubular structures. These cells have shown 
all the cultural characteristics of mesothelial cells and also have demonstrated 
that they secrete hyaluronie acid. 

2. Benign and malignant solitary fibrous mesotheliomas, which until 1950 
had been reported only in the pleura. Stout,® in 1950, described the same lesion 
in the peritoneum. These lesions are lacking in any epithelial elements, but 
consist of a bizarre stroma with spindle cells predominating. In the benign 
group there is no mitosis and the cells are of uniform character. The stroma in 
the benign type shows no necrosis, and large amounts of reticulin and collagen 
are seen, varying in intensity from one area to another. These benign tumors 
arise from a localized area of parietal or visceral pleura, and project freely out 
into the pleural space. The malignant variety shows a tendeney to invade 
adjacent areas of lung parenchyma and does not project into the free pleural 
space. Microscopically this variety does have evident mitosis, marked varia- 
tions in size and staining properties of the spindle cells. The stroma is 
sparse in reticulin and collagen, which are interspersed with areas of hemor- 
rhagie necrosis. 

3. Benign mesotheliomas of the male and female genital tracts, seen as 
small nodules composed of tubular elements lined with mucin-secreting cells. 
These are found in the epididymis, vas, round ligament, Fallopian tube, canal 
of Nuck, and in the serosa of the uterus.” * This group has no correlation with 
the other two under discussion here. 
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CASE REPORTS 
Although the pathologie status of these tumors has remained unquestioned, 
there has been very little added in the literature regarding the clinical aspects 
of this problem. Sano and his co-workers,® in 1950, reported tissue culture work 
on an autopsied case of the diffuse type of mesothelioma, but there was very 
little clinical information given. In 1951 Stout and Himadi?® reported eight 
-ases of their own, which included the case originally reported by Stout and 
Murray,! and seven additional eases which had been brought to their attention. 
Of these cases, five proved to be malignant, while three of them were diagnosed 
as benign, and have continued to follow a benign course. In 1951 Brown and 
Johnson"! reported three cases of solitary pleural tumors which they felt were 
postinflammatory lesions, but Stout felt these were mesotheliomas of the solitary 
fibrous type. All of these had followed benign courses. These eleven cases of 
Stout and Himadi, and Brown and Johnson are the only reported cases with 
sufficient clinical data to warrant any conclusions on a clinical basis. We have 
attempted to analyze the clinical aspects of these tumors on a group of seventeen 
eases, the eleven just mentioned and the six to be reported, which contain some 
uniformity of pattern and to emphasize certain outstanding features. 


Case 1.—S. R., a 41-year-old white woman, was admitted to Barnes T’ospital on June 12, 


1944, with a history of a known lung tumor present on x-ray pictures for nine years. This con- 
dition had been asymptomatic until two years earlier when there developed a constant desire 
to clear the throat. For ten months the patient had had a cough which was slightly produe- 
tive, without hemoptysis. For six months there had been minimal left anterior chest pain, 
and for three months there had been mild exertional dyspnea. No weight loss, fever, or 
arthralgia was present. Physical examination revealed dullness and an absence of breath 
sounds over the anterior and lateral portions of the left lower chest. X-ray examination 
revealed a tumor mass in the anterior two-thirds of the left lower chest. Bronchoscopy was 
noncontributory. The preoperative diagnosis was a probable benign tuiror of the lung. At 
operation, on June 16, 1944, there was found a highly vaseular, pedunelated tumor arising 
from the parietal pleura which overlay the anterolateral aspect of the left fourth rib, projected 
in the pleural space, and compressed, but was not adherent to, the adjacent lung. The tumor 
was removed without difficulty and the patient has remained well. The lesion was originally 
reported as a neurofibrosarcoma, but, in view of the benign course, the slides were reviewed 


and a diagnosis of benign fibrous mesothelioma was made.* 


Comment.—There was a long history of tumor being present in Case 1 
before the large tumor was removed. However, this ease did not exemplify the 
arthraleic changes seen in Cases 2, 4, and 6. . 


Case 2.—H. M., a 54-year-old white woman, was admitted to Barnes Hospital Feb. 8, 
1950. She complained of mild dyspnea; there was known fluid in the right chest. In 1942 
an unexplained right pleural effusion cleared completely after nine months of bed rest. The 
effusion recurred in 1948 and required a thoracentesis to clear it, but no diagnosis was made. 
In January, 1951 there developed mild right chest pain associated with a rapid and dramatic 
onset of severe swelling of the hands and feet, and overwhelming weakness. The family 
physician detected a massive pleural effusion. Two thoracenteses were performed three days 
apart, the first yielded 1,500 e.c. of clear fluid, and the second 1,000 cc. of grossly bloody 
fluid. The patient was hospitalized. There had been a mildly productive cough. for one 
month, and a nineteen pound weight loss in a period of two months. Physical examination 


*Dr. A. P. Stout confirmed this diagnosis. 
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revealed dullness over the right lower half of the chest with an absence of breath sounds, 
marked clubbing of the fingers and toes, and two plus edema of the ankles. X-ray examina- 
tion of the chest showed a massive pleural effusion on the right side. Thoracentesis yielded 
1,000 ¢.c. of clear yellow fluid, sterile and showing no diagnostic cells. Diagnostic pneumo- 
thorax revealed a large density in the right lower chest, but it could not be outlined accurately 
as intra- or extrapulmonary. Bronchoscopy showed external compression of the right lower 
lobe bronchus. The preoperative diagnosis was a pulmonary neoplasm, type unknown. At the 
operation on Feb. 18, 1950, a 17 cm. tumor was found arising from the parietal pleura 
overlying the lateral aspect of the sixth dorsal vertebra. The tumor projected into the 
pleural space, compressing, and slightly adherent to, the adjacent lung. Frozen section in 
the operating room was not diagnostic. Removal was accomplished, and the postoperative 
course was outstanding in the rapid regression of the arthralgic symptoms. The lesion was 
initially diagnosed, microscopically, as a malignant schwannoma, but the final diagnosis was a 
benign fibrous type mesothelioma (Fig. 1, A, B, C, and D). The patient has remained well to 
date. 








mnt 


Fig. 14.—Gross photograph of cut section of a large multinodular mesothelioma. Note the 
encapsulation (Case 2). 

Comment.—This patient with a recurrent pleural effusion, because there 
had been no exact diagnosis, had been treated as having a probable tuberculous 
effusion. Since no evidence of old or recent tuberculosis was found in the 
resected specimen, or at the time of surgery, it seems reasonable to assume that 
the pleural tumor had been present for many years, but so small as to escape 
detection. The arthralgia and clubbing were apparently related to a rapid 
inerease in size which led to the onset of the acute symptoms just prior to 
admission. 

CasE 3.—J. J., a 44-year-old white man, a railroad engineer, was admitted to Barnes 
Hospital on Dec. 3, 1950. A lung tumor had been found on a casual chest x-ray examination 
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Fig 
Note the uniformity of cells and lack of mitotic activity. Such zones are often overdiagnosed 
as sarcomas. X600. (Case 2.) OC, Photomicrograph of a cellular benign fibrous type meso- 
thelioma stained for reticulin by the Wilder technique. Note the abundance of reticulin, a 
characteristic of this neoplasm.  X600. (Case 2.) D, Photomicrograph of a nondiagnostic, 
relatively acellular zone, in a fibrous type mesothelioma. 600. (Case 2.) 


1.—B, Photomicrograph of a cellular area in a benign fibrous type mesothelioma. 
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three weeks earlier. In retrospect, the patient admitted having had mild radiating pains 
across the upper anterior chest. A benign fatty tumor had been removed from the upper 
inner thigh one year previously. No edema or clubbing had been noted. Physical examination 
revealed dullness and diminished breath sounds over the right lateral chest, and a well-healed 
linear scar on the right thigh. No adenopathy was palpable. X-ray examination demonstrated 
the ovoid density seen in Fig. 2, A and B, which was interpreted either as an interlobar 
effusion or a peripheral pulmonary neoplasm. Thoracentesis yielded no fluid. The preopera- 
tive diagnosis was a peripheral neoplasm of the lungs, questionably metastatic. At opera- 
tion on Dec. 6, 1950, a grapefruit-sized mass was found arising from the visceral pleura of 
the right upper lobe, and projecting into the posterior portion of the interlobar fissure. It 
was not adherent to the adjacent lower lobe. It was easily removed. The patient has 
remained well. The diagnosis was benign solitary fibrous mesothelioma, 


A. 


Fig. 2.—A and B, Roentgenograms showing ovoid lesion in right lung field, interpreted vari- 
ously as an interlobar effusion, or a peripheral pulmonary neoplasm. (Case 3.) 


Comment.—This case demonstrates the lack of symptoms not infrequently 
seen with this lesion. There could be no estimate made here as to how long the 
lesion had been present. 


CasE 4.—F. L., a 61-year-old white man, a sheriff, was admitted to the Veterans Ad- 
ministration Hospital at Jefferson Barracks, Mo., on Oct. 22, 1951. He had a four-month 
history of arthralgia in the knees and ankles, and mild right chest pain. Within the four 
months he lost twenty-five pounds. Two and one-half years earlier a casual x-ray examina- 
tion revealed a tumor in the right chest. Surgery was recommended but refused, and sixty 
days of roentgen therapy was employed with no change in the tumor. One year later the 
tumor was larger, but asymptomatic, and treatment was still refused. Over two years after 
discovery of the tumor, the symptoms previously mentioned developed. Physical examination 
revealed dullness and an absence of breath sounds over the lower half of the right chest, 
and severe clubbing of the fingers, without cyanosis. X-ray views of the chest revealed a 
rounded density in the lower half of the right chest. Bronchoscopy exhibited upward dis- 
placement of the right stem bronchus. The preoperative diagnosis was a mediastinal tumor. 
At operation on Nov. 11, 1951, a 16 em., highly vascular, well-encapsulated tumor was found 
arising from the visceral pleura of the right lower lobe and adherent to the mediastinum and 
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A, B. 


Fig. 3.—A and B, Roentgenograms showing asymptomatic lesion in left anterolateral lung 
field. Special studies showed the lesion to be free of any attachment to the pericardium or 
diaphragm. It was suggested to be a bronchial adenoma. (Case 5.) 


Fig. 3C.—Gross photograph of a well-circumscribed fibrous type mesothelioma. Note the 
encapsulation, absence of necrosis. This was sufficiently characteristic to be recognized 


grossly. (Case 5.) 
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diaphragm. It was removed. The clubbing has completely disappeared, and the patient has 
remained well. The lesion was diagnosed as a benign fibrous mesothelioma. 


Comment.—The lesion in this patient was known to be present for almost 
three years, and yet the dramatic picture of clubbing and arthralgia did not 
occur until the tumor had attained sufficient size to interefere with the ventila- 
tion of a significantly large volume of lung. The dense adherence of the tumor 
to the mediastinum and diaphragm was most likely a result of the radiation 
administered earlier in the ease. 


CASE 5.—L. S., a 58-year-old white woman, was admitted to Barnes Hospital on March 
17, 1952. Asymptomatic hypertension had been present for many years. A casual x-ray 
examination three weeks earlier had shown a rounded density in the left lower chest which 
led to the patient’s admission. Physical examination revealed a blood pressure of 200/90. 
The lungs were clear, the heart slightly enlarged, but no murmur or arrythmia was noted. 
Roentgenograms revealed a 7 cm. rounded density in the lateral portion of the left lower 
lobe, reported as a possible bronchial adenoma. See Fig. 3, A and B. Bronchoscopy and 
cytologic studies were noninformative. The preoperative diagnosis was intrapulmonary 
neoplasm, type unknown. At operation on March 24, 1952, a well-encapsulated tumor arising 
from the parietal pleura overlying the left seventh intercostal space was found. It was not 
adherent to adjacent lung. It was removed uneventfully, and the patient has remained well. 
The appearance, grossly, of this lesion was sufficiently characteristic to be recognized as a 
benign mesothelioma. See Fig. 3, C. Microscopically, the diagnosis was confirmed. 


Comment.—This case, like Case 3, again demonstrates the complete lack of 
symptoms which these tumors of even moderate size may afford. 


CASE 6.—F. W., a 64-year-old white farmer, was admitted to Barnes Hospital on March 
26, 1952. Progressive clubbing of the digits, without disability, had been present for about 
five years. For six months there had been noted progressive enlargement of the wrists and 
ankles. Three weeks prior to admission the arthralgia became markedly worse and totally 
disabling. Physical examination revealed massive enlargement of the knees, ankles, elbows, 
and wrists; severe clubbing of all digits; and two plus edema of the ankles. The left chest 
showed dullness and absent breath sounds below the second rib anteriorly, and the fourth 
rib posteriorly. X-ray pictures of the chest revealed a large tumor mass filling the lower 
three-fourths of the left chest, with a small amount of fluid present, slight mediastinal shift 
to the right, and upward displacement of the left stem bronchus. See Fig. 4, A. X-ray 
evidence of severe pulmonary osteoarthropathy was found. See Fig. 4, C. Thoracentesis 
yielded 200 c.c. of turbid, sterile, yellow fluid, and although cell block failed to be diagnostic, 
numerous mesothelial cells of questionable malignant character were seen. Bronchoscopy 
showed extreme upward displacement of the left stem bronchus. Cytologic studies were nega- 
tive. Silverman needle biopsy of the tumor showed only fibrous tissue. The preoperative 
diagnosis was neurofibroma or mesothelioma. At operation on April 4, 1952, compressive 
atelectasis of the left lung was found due to a large, lobulated, encapsulated tumor arising 
from the parietal pleura, overlying the lateral aspects of the seventh to the ninth dorsal 
vertebrae. It was extremely vascular, and so large as to require its removal in two portions, 
because of the limitations of the thoracotomy incision of routine proportions. The tumor 
weighed 1,450 grams and measured 31 ecm. in its greatest diameter. See Fig. 4, B. Post- 
operatively, the arthralgic symptoms cleared completely within a few days; the clubbing is 
now gone and the patient well. The gross appearance of this lesion led to its recognition as 
a benign fibrous type mesothelioma, and microscopically this was confirmed. 


Comment.—In this instance the clubbing had been present for several years. 
This leads to the assumption that moderate ventilatory interferences of a chronic 
nature had existed. The disabling arthralgia developed only after the size of 
the tumor had become extreme. 





B. 


Fig. 4.—A, Posteroanterior roentgenogram of the chest showing massive tumor in the left 
chest, with minimal pleural effusion and slight mediastinal shift to the right. It was thought 
preoperatively to represent either a mediastinal neurofibroma, or a mesothelioma. Lateral 
examination showed complete opacification of the chest. (Case 6.) B, Gross photograph of 
the huge mesothelioma, probably of long duration, measuring 31 cm. and weighing 1,450 
grams. (Case 6.) OC, Roentgenogram of the bones of the forearm showing extensive pul- 
monary osteoarthropathy. Similar changes were seen in the other extremity long bones, 
the hands, and feet. (Case 6.) 
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DISCUSSION 


The occurrence of these cases was about equally common in both men and 
women. The youngest patient was 12 years and the oldest 64 years. The mean 
age was over 50 years. 

The initial symptoms in few of these seventeen cases have been particularly 
severe or demanding. Most often the lesion was first detected on a casual x-ray 
examination, and frequently the following symptoms were elicited only on de- 
tailed questioning. Chest pain, of a mild and intermittent character, was the 
most common complaint. It was present in ten cases. A mildly productive 
cough was mentioned in five cases; two of these had hemoptysis of the blood- 
streaking variety. Moderate fever, mild exertional dyspnea, and weight loss 
were noted in four cases. Three of those showing loss of weight had severe 
weight loss. The patients in Cases 2 and 4 lost 19 pounds and 25 pounds, 
respectively, but only after long periods of time during which the presence 
of a large tumor was known. One ease reported by Stout and Himadi,’° that of 
a 12-year-old boy with a highly malignant tumor, presented severe weight loss. 
In three of our cases the presenting complaint was a severe arthralgia and 
clubbing of the digits. None of the cases reported by others have mentioned 
this, and in some instances it has been specifically noted as being absent. In 
these three cases the patient had known x-ray evidence of a chest lesion for 
several years, or the clubbing itself had been noted for a long period (Cases 2, 
4, and 6). The clubbing which these cases demonstrated was very dramatic, and 
equally dramatic was the prompt regression of the arthralgie symptoms within 
a few days following the operation, and the gradual but complete objective 
disappearance of the osteoarthropathy following surgery. 

From the evidence we have at hand, and with the diagnostic means now 
available, it does not seem possible to establish exactly the diagnosis of a local- 
ized pleural mesothelioma without surgery. This is, of course, unfortunately, 
true of many roentgenographically demonstrable thoracic tumors. The ability 
to make a definite diagnosis with x-ray examination alone is greatly limited. The 
differential diagnoses on x-ray examination have included bronchiogeniec ear- 
cinoma, bronchial adenoma, metastatic carcinoma, pericardial cyst, interlobar 
effusion, mediastinal tumor, and mesothelioma. Diagnostic pneumothorax has 
not served as any particular help in differentiating these tumors as intra- or 
extrapulmonary. This failure is probably due to the fact that these tumors, 
when benign, although not densely adherent to or infiltrating the lung, are 
sufficiently adherent to the lung to resist separation by a low pressure pneumo- 
thorax. Overdiagnosis of these tumors on the roentgenogram is not easily 
avoided. 

Cell block studies of aspirable fluid, when present, has been of no help. 
Bronchoscopy failed to yield a positive diagnosis in any of our cases, but did 
serve to substantiate the impression of an extrapulmonary lesion, giving rise to 
compression of the lung and distortion of the tracheobronchial tree. Cytologic 
examination of sputa and bronchial washings was negative in all instances. 
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The extreme degree of clubbing seen in three of our cases has puzzled us. 
As with clubbing seen in so many varied intrathoracic conditions, we have no 
satisfactory explanation to offer. It apparently has no malignant connotation, 
since all three of these cases were benign. It was the very large tumors which 
gave rise to this symptom, and it may be that the compression of a significant 
amount of lung, with the resultant nonventilation of that part in the presence 
of continued perfusion of the pulmonary vessels, may give rise to sufficient 
chronic hypoxia to manifest these changes. The question hes been raised as to 
whether the production of hyaluronic acid by these tumors could in any way 
be responsible for the clubbing.’* It appears unlikely to us. The epithelial 
cells seen lining the tubular structures found in the diffuse type of mesothelioma 
are known to produce hyaluronic acid, but these tumors do not produce elubbing. 
Furthermore, the solitary fibrous mesotheliomas contain no such epithelial 
elements, and they do not produce hyaluronie acid. 

The gross appearance ot these tumors is sufficiently characteristic that they 
ean be recognized at the operating table. They are well-encapsulated tumors 
arising from either the visceral or parietal pleura, and the benign type project 
freely into the pleural space. They have a nodular appearance and on palpation 
show extremely dense areas interspersed with others which feel quite soft and 
almost eystic. See Figs. 1, A and 3, C. They tend to be quite vascular, with 
dilated veins coursing over the surface, a factor which has rendered their 
removal somewhat difficult in some instances. 

Microscopically, they reveal a stroma of varying density, myxomatous in 
some areas and extremely collagenous in others. Collagen and reticulin are seen 
in abundanee, although in any given field the amounts of each of these will 
vary. Spindle cells predominate throughout the matrix, and these cells are 
uniform in size, shape, and staining properties. They show no evidence of 
mitosis. The cellularity of any given microscopic field will also vary con- 
siderably. See Fig. 1, B, C, and D. Because of the marked variation in micro- 
scopie pattern from one area to another these tumors have been frequently 
diagnosed as malignant schwannomas or fibrosarcomas. 

In the malignant type of fibrous mesothelioma the gross picture is somewhat 
different. The tumors, though arising from the pleura, tend to spread out sub- 
pleurally and invade adjacent lung, rather than project into the free pleural 
space. Microscopically, the over-all pattern is similar to that of the benign type, 
but there is a paucity of collagen and reticulin, if present at all. There are areas 
of hemorrhagie necrosis, not seen in the benign type. The spindle cells are much 
larger, lacking uniformity of size, shape, and staining properties, with numerous 
active mitotic figures. 

The treatment of these tumors is surgical removal. All of our eases have 
been benign and are considered to have excellent prognoses. Those cases which 
have been proved malignant metastasize slowly, and usually local recurrence is 
the pattern. These too can be removed secondarily if they occur, with a favorable 
expectancy. 
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SUMMARY 

1. Pleural mesotheliomas may be diffuse or solitary. The diffuse type is 
highly malignant. The solitary type may be benign or of low-grade malignancy. 

2. The diffuse mesotheliomas contain epithelial elements in a tubular pattern 
distributed through a fibrous type of stroma. The solitary mesotheliomas are 
described as fibrous. They contain no epithelial cells. The benign group shows 
intrapleural extensions from their pleural origin. Microscopically, there is a 
variability in density of stroma and cellularity, but it is histologically benign. 
The malignant type of tumor arises from the pleura but invades subpleurally; 
microscopically, it shows variability of stroma and cellularity; and it is histo- 
logically malignant. 

3. Six new eases of benign solitary fibrous mesothelioma are presented. 
Their clinical and pathologie features are discussed with those of eleven other 
previously described cases of both benign and malignant solitary pleural meso- 
theliomas. 

4. The elinical differential diagnosis from other intrathoracie tumors is 
difficult. These lesions simulate a wide variety of conditions roentgenographi- 
cally. They are frequently wrongly diagnosed clinically, and in the past they 
have been similarly misinterpreted pathologically. 

5. The usual paucity of specific clinical signs and symptoms in patients 
presenting this type of pathology is discussed. 

6. Three cases with dramatic pulmonary osteoarthropathy are emphasized. 
These patients had extremely large tumors, which had been present for some 
time. Surgical removal of the pleural tumor was followed by rapid and com- 
plete regression of the osteoarthropathy. 

7. Surgical removal is the only satisfactory treatment for the solitary 
pleural mesothelioma, whether benign or malignant. 

Acknowledgments: We are indebted to Dr. K. Coldwater and Dr. R. Yore for per- 
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THE BRONCHIAL ARTERIES 


IV. EXPERIMENTAL BRONCHIAL ARTERIAL OCCLUSION AND 
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HE concept that bronchiectasis may be caused by thrombosis of the bron- 

chial arteries was proposed by Ameuille, Lemoine, and their associates.*® 
This theory has received little attention in the American and English litera- 
ture. Working with human pathologie material, Liebow and his co-workers’ 
demonstrated that the bronchial arteries are greatly enlarged in those portions 
of the lung affected by bronchiectasis. In experiments in the dog, which we 
have already reported,® ® occlusion of the bronchial arteries of one lobe, or 
of an entire lung, was only rarely followed by the development of bronchiec- 
tasis. 

Bronchiectasis has, however, been induced experimentally with varying 
degrees of success by the production of bronchial obstruction.?°?* Bronchial 
obstruction is accompanied by a number of abnormalities. These include 
interference in normal elimination of bronchial secretions and pulmonary col- 
lapse, with a resultant decrease in intrapleural pressure. In addition, great 
reduction occurs in the pulmonary arterial blood flow through the collapsed 
portions of the lung.1*-1" 

A series of experiments in the dog were undertaken in an attempt to 
evaluate the role of reduction in blood flow to the lung in the development 
of bronchiectasis. These experiments involved both bronchial arterial occlu- 
sion and bronchial obstruction. A group of control animals was studied in 
which bronchial obstruction alone was earried out. Since only one animal 
in the test group displayed bronchiectasis, no definite conclusions concerning 
the pathogenesis of experimental bronchiectasis are warranted. However, cer- 
tain interesting observations were made concerning the bronchial arterial cir- 
culation under these experimental conditions, and it is the purpose of this 
paper to present these findings. 


TECHNIQUE 


The dogs in these experiments were divided into two groups. Those in Group 1 
underwent occlusion of the bronchial arterial circulation to the apical lobe of the right 
lung and complete obstruction of the bronchus to this lobe. In the animals of Group 2, 
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obstruction of the bronchus of the apical lobe of the right lung was made in the presence 
of an intact bronchial arterial circulation. 

Mongrel dogs varying in weight from 10 to 20 kilograms were used in this study. 
The operations were carried out with the animals under ether anesthesia. The thoracic 
incision was in the fifth intercostal space on the right side. In the animals of Group 1 
the bronchial arterial circulation was occluded by use of an operative technique described 
previously. Briefly, this consisted of intra-arterial injection of a nonirritating plastic 
material, vinyl acetate, which hardens after injection and occludes the artery and its 
branches but does not traverse the capillaries. Bronchial obstruction was accomplished 
by tying two ligatures of umbilical tape securely about the bronchus of the apical lobe 
of the right lung. Failure of this lobe to expand after inflation of the lung attested to 
the completeness of the induced obstruction. In the animals of Group 2, the bronchial 
arteries were carefully dissected from the bronchial wall at the hilus, and the ligatures 
were secured around the bronchus of the apical lobe of the right lung so as not to occlude 
the bronchial arteries. No material was injected into the bronchial arteries of these 
animais, 

At the end of each experiment, the animals were anesthetized and killed by ex- 
sanguination. Necropsy was performed as described previously.8 Briefly, the aorta was 
clamped at the level of the diaphragm, the axillary and carotid arteries on each side were 
ligated, and the trachea was clamped. One hundred cubic centimeters of a contrast 
medium consisting of a suspension containing 40 per cent of barium sulfate and 12.5 per 
cent of gelatin were injected into the ascending aorta. The contents of the thoracic 
cavity were then removed, with care taken to prevent escape of the suspension of barium 
sulfate and gelatin, and roentgenograms of the lungs were made. The lungs were then 
preserved in a 10 per cent solution of formalin. Sections of lung from representative 
regions were prepared after paraffin imbedding and were stained with hematoxylin and 
eosin. Duplicates of representative sections were stained by means of Verhoeff’s method 
for elastic tissue and were counterstained with van Gieson’s stain for connective tissue. 


RESULTS 


Group 1.—Nine dogs were studied in which occlusion of the bronchial 
artery of the apical lobe of the right lung and obstruction of the corresponding 
bronchus were induced. Two animals died of tension pneumothorax early 
in the postoperative period, because the ligatures had cut through the bron- 
chus. The remaining seven animals were exsanguinated under anesthesia at 
selected intervals up to a year after initiation of the experiment. 

Re-expansion of the apical lobe of the right lung, as shown by roentgen- 
ographie studies, occurred in three dogs from one to three months postoper- 
atively. Necropsy revealed pin-point bronchostenosis in each of these three. 
Grossly, the involved lobes appeared normal in two of these animals. In the 
remaining dog, the distal third of the apical lobe of the right lung was dis- 
colored and airless, and microscopic examination disclosed small foci of 
bronechopneumonia. No true bronchiectasis was present in any of these three 
animals, although the bronchi were slightly dilated. 

Post-mortem roentgenograms of the lungs after injection of barium sul- 
fate into the aorta revealed that in two of these three dogs a systemic blood 
supply to the apical lobe had become re-established; this had occurred in 
one from adhesions to the thoracic wall and in the second through adhesions 
to the mediastinum and pericardium. The dog that had bronchopneumonia 
was one of the two in which a systemic arterial blood supply to the apical lobe 
had been re-established. In this animal, collateral circulation was extensive 
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Fig. 1.—Apical lobe one year after experimental bronchial arterial occlusion and bronchial 
obstruction (Group 1). a, Cut surface of the lung showing extensive bronchiectasis. b, Roent- 
genogram showing extensive collateral circulation to this lobe. 


Fig. 2.—a, Medium-sized bronchus from lobe illustrated in Fig. 1, a. An acute necrotiz- 
present. The bronchus is filled with pus (hematoxylin and 
is 


ing and suppurative process is 
b, Five months after induced bronchial obstruction and bronchial arterial occlu- 
intact (hema- 


eosin; X10). 
sion. The bronchus is dilated and 


toxylin and eosin; X10). 


filled with mucus, but the bronchial wall 
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and at one point was continuous with the coronary circulation. The potential 
anastomotic connection between bronchial and coronary arterial circulations 
has been described.'* In the third dog that had bronchostenosis, the bronchial 
arterial circulation remained occluded and no collaterals could be demon- 
strated. 

The four remaining dogs of Group 1 exhibited complete obstruction of the 
bronchus of the apical lobe at necropsy. In one dog, extensive bronchiectasis 
of the apical lobe was present (Fig. 1, a). The collateral systemic cireulation to 
this lobe was extensive (Fig. 1, b). Histologically, the structure of the larger 
bronehi was preserved, while the greatly dilated lumina were filled with mucus 


Fig. 3.—a, Bronchus seven months after bronchial arterial occlusion and bronchial ob- 
struction. The collateral vessels are filled with a suspension of barium sulfate. The two 
main arteries of the bronchus had remained completely occluded with vinyl acetate. Compare 
with control illustrated in b (hematoxylin and eosin; X75). b, Bronchus from opposite lung 
of same dog whose occluded bronchus is illustrated in a. The bronchial arteries are normal 
(hematoxylin and eosin; X75). 
and eells, mainly neutrophilic leukocytes. The smaller bronchi were in- 
volved in an acute necrotizing and suppurative process (Fig. 2, a). The 
pulmonary tissue of the apical lobe was moderately collapsed and the alveolar 
spaces contained neutrophilic leukocytes and fatty macrophages in large num- 
bers. The enlargement of the bronchial arteries to the apical lobe, which had 
been demonstrated by radiographic means, also was evident histologically. 

In each of the other three dogs of this group, the apical lobe of the right 
lung was collapsed. The bronchi, however, were dilated to about twice their 
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normal diameter and were filled with inspissated mucus. Microscopie exam- 
ination confirmed the gross findings and established that the bronchial walls, 
though dilated, were otherwise unaltered (Fig. 2, b). In each of these three 
dogs, systemic arterial pathways, that had essentially normal patterns, had been 
established to the collapsed lobes (Fig. 3). 








Fig. 4.—a, Bronchus six months after experimental bronchial obstruction and pulmonary 
collapse. The bronchial artery appears normal and is filled with suspension of barium sulfate. 
Compare with control illustrated in b (hematoxylin and eosin; x75). 0b, Bronchus from 
opposite lung of same dog whose occluded bronchus is illustrated in a. The bronchial arteries 
are normal (hematoxylin and eosin; X75). 


Group 2.—Nine dogs were studied in which the bronchus of the apical lobe 
of the right lung was obstructed while the bronchial arterial circulation re- 
mained intact. One animal died nine days after the operation from tension 
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pneumothorax caused by erosion of the ligature through the bronchus. The 
eight survivors were exsanguinated under anesthesia at regular intervals up 
to a year after initiation of the experiment. 

In four of these eight dogs, re-expansion of the apical lobes occurred post- 
operatively. At necropsy in these four, the bronchi at the site of ligature 
were found to be patent but were so extensively stenosed that each admitted 
only a fine probe. In the remaining four dogs, collapsed apical lobes with com- 
pletely obstructed bronchi were present. 

The lobes were normal grossly and histologically in all dogs in which 
bronchostenosis was present. The lobes were airless and collapsed in the four 
dogs in which bronchial obstruction was complete. The bronchi were dilated 
and filled with thick viscid mucus. Microscopic examination revealed normal 
bronchial structure. Post-mortem roentgenograms of the lungs, after a sus- 
pension of barium sulfate was injected into the aorta, revealed normal bron- 
chia] arterial patterns in all of the eight dogs of this group. The histologic 
appearance of the bronchial arteries in these dogs was normal (Fig. 4). 


COMMENT 


In our experiments wherein bronchial obstruction alone was performed 
(Group 2), the bronchial arterial pattern remained normal with respect to both 
the size and number of vessels. This confirms the findings of others, who have 
shown that no appreciable expansion of the bronchial arterial circulation to a 


collapsed lobe takes place.!® 2° 

In the dogs of Group 1, bronchial obstruction and bronchial arterial oc- 
clusion were accomplished. A great tendeney for re-establishment of col- 
lateral systemic circulation to the involved lobe was noted in these experi- 
ments; it occurred in six of the seven dogs. When pulmonary infection was 
absent, the bronchial arterial circulation was re-established to approximately 
normal degree. Establishment of collateral circulation was in excess of the 
normal in the one animal that had bronchiectasis and pulmonary infection. 
The tendency for systemic collateral circulation to become re-established a 
week or more after induced pulmonary embolism in spite of previous bron- 
chial arterial occlusion had been observed in a group of previous experi- 
ments. When bronchial arterial occlusion alone is performed, no such tend- 
ency for systemic collateral circulation to become re-established has been 
noted.® 

A stimulus for maintenance of a normal bronchial arterial supply to a 
lobe with an obstructed bronchus appears to be present even though occlusion 
of the bronchial artery that supplies such a lobe has been earried out. Under 
such circumstances, however, no stimulus for enlargement of this circulation is 
present, such as occurs in inflammation” '* ?1-? and in conditions that seriously 
interfere with pulmonary arterial blood flow, such as pulmonary embo- 
lism,?® 4 25 congenital pulmonary stenosis or atresia,?*-*° or experimental pul- 
monary arterial ligation.’® ?* *% * 
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The notable tendency toward re-establishment of systemic arterial circu- 
lation to the lung after occlusion of the bronchial arteries in our experiments 
makes it impossible for us to draw any conelusions as to the influence of de- 
fective circulation to the lung on the development of bronchiectasis. The fact 
that bronchiectasis did not develop in any of the controls (Group 2) in the 
presence of bronchostenosis or complete bronchial obstruction suggests that 
these factors alone are not sufficient to bring about such a pathologie response. 
It should be emphasized that obstruction of a main bronchus, as produced ex- 
perimentally in these dogs, should not be considered to represent the experi- 
mental counterpart of the usual clinical case of bronchiectasis. As has been 
emphasized,*” °° obstruction to a main bronchus seldom is present in such 
eases, whereas peripheral obstruction of the distal bronchi and bronchioles is. 


CONCLUSIONS 

1. Pulmonary collapse secondary to bronchial obstruction is not accom- 
panied by any demonstrable change in the bronchial arterial pattern in re- 
spect to either size or number of vessels. 

2. Experimental occlusion of the bronchial arteries in association with 
bronchial obstruction of the same lobe is followed by a pronounced tendency 
for re-establishment of a normal bronchial arterial pattern. This collateral 
circulation is greatly increased when infection is present. 


3. Bronchiectasis did not appear in any of eight surviving dogs in which 
bronchial obstruction alone was earried out. In one of the seven dogs, in 
which both bronchial] obstruction and bronchial arterial occlusion were in- 
duced, extensive bronchiectasis developed. 

4. Because of the great tendency for systemic collateral circulation to the 
lung to develop after experimental bronchial arterial occlusion in association 
with bronchial obstruction, no definite conclusions are warranted from these 
experiments concerning the influence of defective circulation to the lung on 
the development of bronchiectasis. 
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EXAMINATION OF PLEURAL FLUID FOR CARCINOMA CELLS 
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HE fact that carcinoma cells may be observed in serous effusions has been 

known for more than fifty years. Pleural involvement by carcinoma follows 
the occurrence of primary or secondary growths in the lung, with subsequent 
effusion. The effusion is produced by the irritating effect of the carcinoma 
implants and by venous and lymphatie obstruction. With the advent of 
cytologic examination of sputum as the primary diagnostic procedure in sus- 
pected bronchiogenic carcinoma, the routine examination of pleural fluid for 
carcinoma cells might not seem as important as previously. This study was 
undertaken to evaluate the examination of pleural fluid in cases of suspected 
primary bronchiogenic carcinoma. An effort was made to determine with 
what accuracy specific types of carcinoma could be diagnosed, and also, what 
effect effusions have in determining operability. 


MATERIAL AND METHOD 


From Jan. 1, 1947, through Feb. 29, 1952, 418 specimens of pleural fluid 
from 333 cases of suspected bronchiogenic carcinoma were studied in the 
cytologic laboratory of the Mayo Clinic for the presence of carcinoma cells. 
The smear technique of McDonald and Broders! was employed. 

Various opinions have been expressed as to what should be the basis for 
a positive diagnosis of carcinoma cells in serous effusion.27 We used the fol- 
lowing criteria in our study to determine the presence of carcinoma cells: 
(1) irregularity in size and shape of the nucleus, (2) smallness of the amount 
of cytoplasm in comparison to the size of the nucleus, (3) hyperchromicity 
of the nucleus and chromatin strands, (4) presence of an abnormally large 
nucleolus, and (5) presence of mitotic figures. 

The results of examination were reported as either ‘‘positive’’ or ‘‘nega- 
tive.’’ 5 

OBSERVATIONS 


Cases in Which Cytologic Examination Gave Positive Results —Carecinoma 
cells were found in the pleural fluid in 112 of the 333 cases. Positive results 
were obtained in 88 eases at the first examination and in the other 24 eases at 
the second examination. 
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The first examination of serous effusion due to a malignant neoplasm 
should reveal carcinoma cells in a high percentage of eases if it is to be of 
significant value. 

It was possible to determine the specific type of neoplasm on the basis of 
cell pattern alone in 9 cases. The diagnosis of lymphoblastoma was deter- 
mined in 5 of these 9 cases, while a diagnosis of small-cell carcinoma, squa- 
mous-cell carcinoma, gastric carcinoma, and hypernephroma was made in 1 
case each. 

There were, however, 22 cases of lymphoblastoma in which carcinoma 
cells were not found in the pleural fluid. This can be explained by the fact 
that lymphoblastoma may occur as scattered metastatic deposits in the sub- 
stance of the lung, or as an extension from the hilar glands or from a large 
mediastinal tumor. Hilar lesions may surround and invade the main bronchi, 
which make lymphoblastoma indistinguishable grossly from bronchiogenic 
carcinoma. It is important to determine whether an intrathoracic tumor is of 
the lymphoblastic type, because surgical intervention is contraindicated and 
roentgen therapy is indicated for lymphoblastoma. 

Bronchiogenie carcinoma was the primary etiological factor in 56 of the 
112 eases in which malignant cells were found in the pleural fluid. The pri- 
mary lesion was located in the right lung in 36 eases and in the left lung in 
20 cases. Confirmatory evidence of bronchiogenic carcinoma was obtained by 
means of bronchoscopy and eytologic examination of the bronchial secretion 
and sputum in 32 of the 56 cases; in the remaining 24 cases, these diagnostic 
procedures either gave negative results or were not done. From the history 
and roentgenograms it was readily apparent in many of the 56 cases that the 
condition was inoperable; consequently, in these cases, diagnostic procedures 
were kept at a minimum. It is often necessary to remove pleural fluid to 
lessen the patient’s discomfort and to observe underlying lesions in the pul- 
monary fields which might be obscured by the effusion; this fluid can be used 
for cytologic examination. The procedure is relatively simple and results can 
be reported in twenty-four hours. 

The source of malignant ¢cells in the pleural fluid was a malignant neo- 
plasm that oceurred primarily outside the intrathoracic cavity in 43 eases. 
Carcinoma of the breast was the most common of these neoplasms, being 
responsible for the pleural effusion in 25 of the cases. Metastatic carcinoma 
from the colon was observed in 4 eases, from the ovary in 3 eases, and from the 
cervix in 2 eases. In 1 ease each, the primary site of the carcinoma was the 
uterus, vulva, kidney, adrenal gland, thyroid gland, esophagus, stomach, a 
hypernephroma, and a melanoepithelioma. In 7 cases the primary site of the 
carcinoma could not be determined. Whatever the source of carcinoma cells 
in the pleural fluid, their presence is evidence that the malignancy is prob- 
ably beyond the realm of any known medical or surgical therapy. 

Only 1 false positive result was observed in our 112 cases. In this ease, 
a tentative diagnosis of bronchiogenic carcinoma of the right lung was made. 
The roentgenogram revealed pleural effusion. The patient received a course 
of roentgen therapy. When she was seen a year later, the results of roent- 
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genographie examination of the thorax were negative and the patient was 
asymptomatie. 

In the 56 cases in which bronchiogenie carcinoma was the source of ear- 
cinoma ¢ells in the pleural fluid, there were 36 men and 20 women. The young- 
est patient in this group was 36 years of age and the oldest was 75. The 
average age was 57.8 years. In the 25 cases in which carcinoma of the breast 
was the source of the malignant cells in the pleural fluid, there were 24 
women and 1 man. The youngest patient in this group was 28 years of age 
and the oldest was 71. The average age was 50.7 years. In the 5 eases in 
which lymphoblastoma was the source of the carcinoma cells in the pleural 
fluid, there were 3 men and 2 women, the youngest in this group being 4 years 
of age and the oldest 60. The average age was 31 years; however, in only 
1 ease was the age more than 39 years. The average age in the remaining 
eases in which carcinoma cells were present in the pleural fluid was 55.6 years. 


Cases in Which Cytologic Examination Gave Negative Results—Careinoma 
cells were not found in 221 of the 333 eases. In 114 of these 221 cases the pleural 
effusion was due to metastatic carcinoma. 

In 47 of the 114 eases the primary carcinoma was in the lungs. In 42 of 
the 47 eases the diagnosis was proved by bronchoscopy, cytologic examination 
of the bronchial secretion or sputum, surgical exploration, or necropsy. In 
the 5 remaining cases the diagnosis was made on the basis of roentgen findings 
and history. 

In 22 of the 114 eases the effusion was due to lymphoblastoma. The diagno- 
sis was made by means of biopsy of a node, or necropsy, or at the time of 
thoracotomy. 

In 45 of the 114 eases the pleural effusion was due to a metastatic growth 
other than bronchiogenic carcinoma. As noted in the group of eases in which 
carcinoma cells were found in the pleural fluid, so in this group the most com- 
mon metastatic carcinoma was from the breast, this accounting for 20 cases. 
Carcinoma of the rectum was responsible for 2 cases, as was carcinoma of the 
stomach. Other primary sites or sources of carcinoma accounting for 1 case 
each were as follows: kidney, larynx, mouth, bladder, uterus, colon, testicle, 
osteogenic sarcoma, recurrent bronchial carcinoma, pancreas, melanoepithelioma, 
and multiple myeloma. In 9 eases the site of origin of the metastatic tumor was 
undetermined. 

Pleural effusion was present in 34 cases (16 per cent) in which it could 
not be determined whether the effusion was of benign or malignant origin. 
Primary pulmonary carcinoma was suspected as being the cause in 12 of these 
eases, but the evidence was inconclusive. 

In the remaining cases in which carcinoma cells were not demonstrated the 
pleural effusion was produced by benign conditions, the most common being 
cardiac disease (25 cases) and tuberculosis (11 cases). Bacteriologie examina- 
tion of the pleural fluid disclosed Mycobacterium in 7 of the cases of pulmonary 
tuberculosis. Other benign conditions accounting for effusion were: pulmonary 
embolism, 9 eases; pneumonia, 7 cases; cirrhosis, 6 cases; empyema, 4 cases; 
subphrenie abscess, 3 cases; traumatic hemothorax, 2 cases; and middle lobe 
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syndrome, right bronchial adenoma, Meigs syndrome, hemochromatosis, pan- 
hematoevtopenia, and indeterminate chylothorax, 1 case each. 

Operability When Pleural Effusion Is Present—Bronchiogenie carcinoma 
with pleural effusion indicates a grave prognosis. It usually suggests inopera- 
bility. Goldman‘ stated that when carcinoma cells are present in the pleural 
fluid, there is no hope of cure; the only treatment indicated is repeated with- 
drawals of fluid. Roentgen therapy offers little, if any, aid. Goldman‘ reported 
a ease in which a large pleural effusion was present but in which carcinoma cells 
were not found. Pneumonectomy was performed and the patient was living 
and well eighteen months later. This occurrence, because of its rarity, was 
deemed worthy of reporting. 

The lesion appeared clinically to be operable in 6 of our 56 eases of bron- 
chiogenie carcinoma in which earcinoma cells were found in the pleural fluid. 
However, in 5 of these cases the lesion proved to be inoperable at the time of 
thoracotomy, leaving only 1 ease in which the condition was actually operable. 
In 4 of the 6 eases the pleural effusion was not demonstrable by preoperative 
roentgenograms, but examination of fluid obtained at thoracotomy disclosed the 
presence of carcinoma cells. In the other 2 cases in which thoracotomy was 
performed, preoperative examination of the pleural fluid disclosed the presence 
of carcinoma cells, and there was roentgenologie evidence of pleural effusion. 
In 5 of the cases exploration disclosed evidence of pleural involvement with 
widespread metastasis to the hilar and mediastinal lymph nodes. The 1 ease in 
which pneumonectomy was done was that of a man, 36 years of age. Preopera- 
tive roentgenograms revealed a mass in the right lower lobe with right pleural 
effusion. Carcinoma cells were not found in the bronchial secretion, and the 
sputum was not examined. Examination of the pleural fluid, however, dis- 
closed carcinoma cells. At operation, pleural effusion with massive pleural in- 
volvement was encountered. It was technically possible to remove the lung by 
ineluding the parietal pleura. The patient’s postoperative course was un- 
eventful and he was alive three months later. 

There were 47 cases of bronchiogenie carcinoma with pleural effusion in 
which carcinoma cells could not be demonstrated. In 32 of the 47 cases of 
bronehiogenie carcinoma, the lesion was considered clinically to be inoperable, 
while in an additional 13 the lesion was found to be inoperable at thoracotomy. 
In the other 2 cases pneumonectomy was performed. In 1 of these 2 cases pre- 
operative roentgenograms did not reveal the presence of pleural fluid. Bron- 
chial biopsy of a tumor in the orifice of the left upper lobe disclosed squamous 
cell carcinoma. At thoracotomy effusion was encountered, and carcinoma cells 
were not found in the pleural fluid. In the other of the 2 cases in which pneu- 
monectomy was performed, there was preoperative roentgenologie evidence of 
pleural effusion. Bronchoscopy revealed a tumor in the left main bronehus. 
Bronchial biopsy gave negative results, but the sputum was positive for ear- 
cinoma cells. There was question as to operability at the time of exploration. 
It was, however, technically possible to do a pneumonectomy. 

Carcinoma cells were not found in the pleural fluid in 1 ease of bronchial 
adenoma and 1 ease of middle-lobe svndrome. The diagnosis of bronchial 
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adenoma was proved preoperatively by bronchoscopy and bronchial biopsy. 
The diagnosis of middle-lobe syndrome was considered preoperatively on the 
basis of bronchoscopic observation of narrowing of the middle-lobe orifice, ab- 
sence of demonstrable tumor, and negative results of bronchial biopsy and cyto- 
logic examination of the bronchial secretion and sputum. The roentgen findings 
were consistent with obstructive pneumonitis of the right middle lobe. Pneu- 
monectomy was required in these 2 cases because of the size and location of the 
adenoma and because of the technical difficulties created by the obstructive 
pneumonitis in the middle lobe. 

In brief, pneumonectomy was performed in 2 of the 103 cases of bron- 
chiogenie carcinoma with pleural effusion. There were 2 cases in which pneu- 
monectomy was performed for nonmalignant conditions. 


SUMMARY AND CONCLUSIONS 


Pleural fluid in 333 cases of suspected bronchiogenic carcinoma was ex- 
amined for carcinoma cells by means of the smear technique. Carcinoma 
cells were found in 112 eases, and a diagnosis was made on the basis of the 
cell pattern alone in 9 cases. The source of the carcinoma cells was bron- 
chiogenic carcinoma in 56 cases, malignant neoplasm outside the thoracic 
eavity in 43 cases, lymphoblastoma in 5 eases, and unknown in 7 eases. One 
false positive result was obtained. 

In 221 cases carcinoma cells were not found in the pleural fluid. In 114 of 
these the effusion was due to metastatic carcinoma. The primary tumor in 
these 114 cases was bronchiogenie carcinoma in 47 cases, lymphoblastoma in 22 
cases, and other malignant growths in 45 eases, the breast accounting for 20 
of the last-mentioned cases. In 73 of the remaining 107 cases, the primary 
lesion was benign, while in the other 34 cases it was not determined whether 
the primary lesion was benign or malignant. 

The bronchiogenic carcinoma was operable in only 1 of the 56 cases in 
which carcinoma cells were found in the pleural fluid, and in only 2 of the 47 
cases in which such cells were not found in the pleural fluid. 

It is concluded that the pleural fluid should be examined routinely for 
carcinoma cells, since such cells were found in about 50 per cent of 226 cases 
of pleural effusion due to malignant tumors. 
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DELAYED TRAUMATIC RUPTURE OF THE ESOPHAGUS 
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ERFORATION of the esophagus occurs not infrequently. Instrumenta- 

tion, including endoscopy and dilatation, is most often the cause of acute 
perforation, and during the past ten or fifteen years the incidence of per- 
foration has paralleled the increasing frequency with which these procedures 
are performed. Bisgard and Kerr’ have classified esophageal perforations 
in detail and divided them according to the various extrinsic and intrinsic 
eauses. Extrinsic causes are more frequent and in addition to instrumenta- 
tion inelude swallowed foreign bodies, external penetrating wounds, perfora- 
tion by extrinsic neoplasms, infections, aortic aneurysms, ulcerations due to 
swallowed caustics, and indwelling gastric tubes. This report is concerned 
with still another extrinsic cause, an account of which could not be found in 
literature. An esophageal fistula developed in each of two patients (herein 


reported) a considerable period of time after operations had been performed 
on thoracic structures other than the esophagus. Trauma was knowingly but 
unavoidably inflicted upon the muscular layers of the esophagus, but the 
mucosa was not injured. This trauma, along with possible compromise of the 
blood supply to a segment of the esophagus and subsequent development of 
infection, later resulted in complete perforation of the esophagus. 


CASE REPORTS 

CasE 1.—P. J. C., a 62-year-old white man, was admitted to the Wadsworth Veterans 
Administration Hospital on June 20, 1950, because of a chronic cough. The cough started 
in 1943 after an attack of acute pneumonitis, Since that time the cough had gradually 
increased in severity until at the time of admission he was raising from one to one and 
one-half cups of clear mucoid sputum daily. There were no other significant complaints. 

The past history and review of systems were noncontributory. 

The only positive finding from the physical examination was atrophy of the right 
testicle which had occurred following a herniorrhaphy many years before the present 
admission. 

The laboratory examination revealed a normal blood cell count and urinalysis. Re- 
peated studies for acid-fast bacilli were negative. The blood Wassermann was negative. 

The roentgenogram of the chest revealed a moderate ventricular preponderance on 
the left and some tortuosity of the aorta. Just above the base of the heart on the right 
was a dense homogeneous shadow which bulged from the mediastinum (Fig. 1). Angio- 
cardiograms showed a good filling of the descending and ascending aorta with no definite 
communication with the mass. 
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Fig. 1. (Case 1).—Anteroposterior and right anterior oblique roentgenograms of the chest show- 
ing the large bronchiogenic cyst projecting from the right side of the mediastinum. 


. 


' Fig. 2 (Case 1).—Photograph of the operative exposure through a posterolateral incision 
in the sixth intercostal space. The large bronchiogenic cyst can be seen, and the pointer in- 
dicates the esophagus stretched over the cyst. 
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A diagnosis of bronchiogenic cyst was made. An aneurysm of the descending aorta 
was considered a second possibility. On Aug. 25, 1950, exploration was performed through 
a right posterolateral incision. <A large, tense, bronchiogenie cyst arising from the mem- 
branous portion of the right main bronchus was encountered. It completely filled the 
mediastinum and had stretched the esophagus over its right lateral wall (Fig. 2). This 
cyst was removed with considerable difficulty. During removal an opening was made in 
the membranous portion of the right main bronchus, and this opening was repaired after 
the cyst had been removed. Two days after operation auricular fibrillation occurred and 
was controlled by quinidine. A large pleural effusion developed and was partially relieved 
by needle aspiration. A moderate amount of bloody fluid, which could not be removed, 
remained. On Sept. 14, 1950, the patient began to have elevated temperature in the after- 
noons. Roentgenograms of the chest revealed the presence of fluid. Two aspirations per- 
formed three days apart resulted in the removal of 800 c.c. of bloody fluid. A roentgeno- 
gram of the chest on Oct. 4, 1950, disclosed a large opacity on the right with an air-fluid 
level. A diagnosis of bronchopleural fistula was made. This diagnosis seemed the most 
logical because the cyst had originated in the membranous portion of the bronchus and 
because a large opening was made in it when the cyst was removed. On the following 
day, a large drainage tube was placed in the right side of the chest after a small portion 
of the seventh rib had been resected in the posterior axillary line. When the dressing 
was changed, particles of food were found in the drainage, and methylene blue adminis- 
tered orally appeared on the dressing. Esophagoscopy showed a large perforation in the 
middle third, and the opening was visualized through a thoracoscope inserted through the 
drainage tube. A Levin tube was passed into the stomach and tube feedings were started. 
On Oct. 10, 1950, a Stamm gastrostomy was performed but was not satisfactory because 
of considerable regurgitation of food through the thoracotomy tube. Despite this com- 
plication, the patient’s general condition improved, and it was decided to try to repair 
the esophageal fistula. On Oct. 20, 1950, a decortication of the lung and repair of the 
esophageal fistula were performed through a right posterolateral intercostal incision. The 
fistula was repaired by first freshening the mucosal edges and then suturing them together 
with interrupted sutures of fine chromic catgut. A flap of the thickened parietal pleura 
was dissected from the posterolateral wall of the chest adjacent to the fistula and sutured 
over the closure with fine black silk (Figs. 3 and 4). The chest was drained with an an- 
terior and a dependent posterior intercostal catheter. On Oct. 28, 1950, the patient was 
out of bed and was taking fluids and a soft diet by mouth. The remainder of his con- 
valescence was uncomplicated. He has been readmitted twice, once because of a pneumo- 
nitis which responded to antibiotic therapy and at another time for removal of several silk 
sutures which had produced a draining sinus in the wound. 


CASE 2.—B. B. K., a 36-year-old white man, was admitted to the Wadsworth Veterans 
Administration Hospital on Nov. 23, 1951. The history disclosed that five weeks prior to 
admission, he had a right pneumonectomy at a private hospital for extensive chronic 
suppurative pulmonary disease. The immediate postoperative period had been uneventful. 
Three weeks after operation while the patient was at home, he suddenly started coughing 
copious quantities of brown sputum. He returned to the surgeon who diagnosed the 
difficulty as empyema and bronchopleural fistula. A rib resection with tube drainage was 
promptly carried out in the same hospital. Following drainage of the empyema cavity, 
it was noted that food was being discharged through the drainage tube. Shortly after 
this discovery, the patient was transferred to the Veterans Administration Hospital. 

The past history and review of systems were noncontributory. 

Physical examination revealed a well-developed white man who showed evidence of 
extensive loss of weight and dehydration. A posterolateral scar was present on the right 
side of the chest. A large drainage tube was present in the right midaxillary line at the 
level of the fifth rib. The right side of the thoracic cage appeared contracted. When the 
patient talked, air could be heard escaping from the drainage tube. So much air was 
being lost in this manner that the patient could hardly speak above a whisper. 
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examination revealed a normal red blood cell count, white blood cell 
count, differential count, and hematocrit. Total blood proteins were within normal limits. 
The roentgenogram of the chest disclosed a hydropneumothorax on the right side. <A fluid 
level was present at the eighth rib posteriorly. The left lung was clear. The mediastinum 
was not shifted. 
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3 (Case 1).—Drawing of the operative exposure for closure of the esophageal fistula. 
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Fig. 4 (Case 1).—Drawing of the operative exposure showing the flap of pleura sutured 


over the closure of the esophageal perforation. 
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stomach, and tube feedings amounting to 4,000 calories per day were started and were 
well tolerated. Occasionally when the stomach became too full, some of the formula ap- 
peared on the dressing. On Nov. 30, 1951, the Levin tube was replaced by a long piece 
of small caliber Penrose drain which was weighted on its distal end with 1 ¢.c. of mercury. 
This soft tube was better tolerated by the patient and was as satisfactory as the Levin 
tube for feedings. On this feeding regimen, there was a prompt gain of weight. The 
dehydration disappeared, and the patient became ambulatory. On Dee. 12, 1951, roent- 
genographic esophageal studies with barium were done. These studies revealed an esophago- 
pleural-cutaneous fistula in the middle third of the esophagus (Fig. 5). 


5 (Case 2).—Right and left anterior oblique roentgenograms showing the esophageal 
fistula. The origin of the fistula has been outlined. 


On Dee. 17, 1951, thoracic exploration was performed, and a large bronchial fistula 
was encountered in a very short bronchial stump. About 8 cm. below this fistula on the 
right side of the esophagus was a fistula approximately %4 cm. in diameter (Fig. 6). It 
was so deeply embedded in inflammatory tissue that clean wound edges could not be ob- 
tained. A large pleural flap was dissected from the posterolateral chest wall and sutured 
over the esophageal fistula. A similar flap was sutured over the bronchial fistula (Fig. 7). 
Forty-eight hours after this procedure the bronchial fistula had reopened. A few days 
later it was noted that feedings were again appearing on the dressings. Tube feedings 
through the soft tube were reinstituted. This regimen was maintained until Jan, 26, 1952, 
at which time the patient could tolerate oral feedings and only occasionally did food 
appear on the dressings. During the time the tube feedings were used, penicillin was 
given parenterally. Sulfasuxidine was given by mouth, and the patient was required to 
chew the tablet before swallowing it. He continued to improve. Roentgenographic studies 
were again carried out and revealed that the esophageal fistula was closed. On April 28, 
1952, a staged thoracoplasty, designed to obliterate the empyema pocket and close the 
bronchial fistula, was begun. The last stage of this procedure was completed on June 10, 
1952. The bronchial fistula is now closed. The patient was discharged on Aug. 5, 1952, 
at which time a small empyema pocket which would hold 2 ¢.c. of Lipiodol still remained. 
It is anticipated that this small space will gradually close. 
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DIAGNOSIS 


The symptoms produced by acute traumatic perforation of the esophagus 
are quite different from those encountered in the eases herein reported. In 
acute perforation” * substernal pain accentuated by respiration and difficulty 
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Fig. 6 (Case 2).—Drawing of the operative exposure. The bronchopleural fistula and 
the esophageal perforation are shown. Flaps of thickened pleura to be sutured over each 
of these openings are outlined. 

Fig. 7 (Case 2).—Drawing of the operative exposure. The esophageal perforation and 
flaps of pleura sutured over the open bronchus are shown. 
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in breathing are usually early symptoms. The pulse rate, temperature, and 
leukocyte count may become elevated after several hours, and mediastinal 
emphysema may appear. There may be fullness, crepitation, and tenderness 
in the cervieal region if the perforation is in the upper portion of the esopha- 
gus. <A state of shock may ensue. Roentgenologic examination may show air 
in the mediastinum or in the pleural cavity. The ingestion of a small amount 
of iodized oil during fluoroscopic examination will usually demonstrate the 
point of rupture. Symptoms developed much more insidiously in our patients 
than in those persons with acute perforation. Many of the symptoms were 
obscured by postoperative pain, intercostal neuralgia, and other sequelae of 
a major intrathoracic operation. Also, symptoms produced by such a delayed 
perforation are more likely to be attributed directly to the operative pro- 
cedure. In addition, the development of these perforations is enhanced in all 
probability by the occurrence of small paraesophageal abscesses which in 
themselves produce minimal symptoms as long as antibiotics are admin- 
istered and which cause the perforation to be produced gradually rather than 
suddenly as in the case of instrumental perforation. Our patients experienced 
little difficulty in swallowing, and in the first case the empyema was thought 
to be residual pleural fluid. Antibiotics minimize the elevation of tempera- 
ture as well as other reactions which usually accompany an acute empyema. 
In Case 1 the diagnosis was suspected after needle aspiration of the empyema 
cavity had been earried out and was confirmed when methylene blue, which 
the patient had swallowed, was recovered on the dressings. As in acute per- 


foration, the ingestion of radiopaque materials under fluoroscopic examination 
revealed the position of the fistula (Fig. 5). Esophagoscopy will usually 
demonstrate the perforation. After drainage of the empyema, thoracoscopy 
through the drainage tube may be useful in further determining the size and 
position of the rupture. 


TREATMENT 


Immediate surgical drainage and, if possible, closure of the perforation 
have become accepted as the proper treatment for acute perforation of the 
esophagus.” *° Jemerin* reported a much greater mortality rate in patients 
treated prior to 1936 than in those treated after that date. He chose 1936 as 
the time when acute esophageal perforations began to be considered as surgical 
emergencies in his institution. Although other factors played a part in re- 
ducing the mortality rate, he felt that the greatest single factor was the recog- 
nition of esophageal perforation as a surgical lesion. Seybold and his associ- 
ates> pointed out that twenty-five of twenty-nine patients with acute per- 
foration treated from 1943 to 1949 at the Mayo Clinie had surgical drainage 
earried out. The four upon whom surgical drainage was not done had in- 
operable carcinoma of either the esophagus or the stomach. As is true in per- 
foration of other portions of the gastrointestinal tract, the sooner surgical 
treatment is carried out the better the postoperative course of the patient and 
the lower the mortality rate. In the cases which we have reported, drainage 
of the empyema space was considered to be the first logical step in the treat- 
ment. Use of a soft indwelling Penrose drain type esophageal tube in the 
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stomach to permit feeding was helpful. A gastrostomy may be necessary to 
allow feeding over a long period of time. Closure of the esophageal fistula 
may be earried out when the nutrition of the patient is at an optimum level. 


Closure of this type of perforation is considerably different than that of 
the acutely ruptured esophagus, because there is considerable induration, 
thickening, and fixation of the surrounding tissues, and the wall of the esopha- 
gus cannot be drawn together so easily. Also, the definition of the various 
layers of the esophagus cannot be made, and a multiple layer closure cannot 
be carried out. When thickened pleura is present, a flap of such pleura serves 
to reinforee the esophageal closure (Fig. 4). We noted that although this 
pleura was nearly 1 em. thick, it bled freely after the lining of granulation 
tissue in the empyema eavity had been seraped off it. Of paramount impor- 
tance in determining the success of such a closure is whether or not the lung 
is present on the side of operation. The apposition of the expanded lung over 
the flap of pleura undoubtedly contributes greatly to the permanency of the 
closure. If the lung has been removed, a modified thoracoplasty is necessary 
to obliterate the empyema eavity. In addition, this maneuver may aid in the 
closure of the esophageal perforation, especially if a fistula recurs after 
closure. Intravenous alimentation should be carried out during the first few 
days after operation. 


DISCUSSION 


The position of the esophagus is such that the majority of the major op- 
erations in thorax make it vulnerable to injury. Its proximity to the trachea 
and bronchi, the pulmonary arteries, the aorta, and other structures often 
transected in thoracic surgical procedures should cause the surgeon to be 
aware of its relationship to these structures at all times. The obscure position 
of the esophagus makes the likelihood of injury during an operation somewhat 
comparable to the likelihood of injury to the thoracie duct or the common bile 
duet. The presence of large invasive tumors or induration and distortion of 
landmarks due to suppurative disease in the chest make injury to it more 
likely than if the disease process is contained entirely within the substance 
of the lung. 

In the cases presented, however, the esophagus could be visualized dur- 
ing the initial procedure. In the first patient it was stretched and flattened 
over a large bronchiogenie cyst, and it was necessary to carefully dissect it 
from the eyst wall (Fig. 2). In the second patient, suppuration had produced 
considerable scarring, and landmarks were difficult to identify. In both eases 
the muscular coat of the esophagus was traumatized and its blood supply 
jeopardized. It is well known that long segments of esophagus stripped from 
the esophageal bed ean survive. The major factors in producing a delayed 
esophageal perforation are destruction of the muscul«r layers and infection. 
Although it cannot be definitely proved, it is logical to assume that in our pa- 
tients infection may have caused further necrosis of the remaining muscular 
fibers and esophageal mucosa resulting in perforation of the esophagus. In 
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Case 1 adhesions between the lung and chest wall, which had occurred during 
the postoperative period, probably prevented the development of generalized 
empyema. In the second ease the bronehopleural fistula occurred con- 
comitantly and caused an empyema; therefore, the esophageal perforation 
was not noticed immediately. The course of these two patients should empha- 
size the necessity of handling the esophagus with extreme care and of suturing 
rents in the muscular coat when it can be done without encroaching upon 
the esophageal lumen. 


SUMMARY 


Two patients, in whom rupture of the esophagus occurred several weeks 
after an operation had been performed on other thoracie structures, are herein 
reported. The mechanism of production and the diagnosis and treatment of 
these delayed traumatic perforations are discussed. 
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REPAIR BY FULL THICKNESS SKIN GRAFT OF PENETRATING 
WOUNDS OF INTRATHORACIC TRACHEA 


REporT oF A CASE 


COMMANDER JOSEPH M. HANNER, AND LIEUTENANT COMMANDER SIDNEY H. 
CoHEN, Mepicau Corps, UNITED States Navy 


XTENSIVE recent study has been devoted to the treatment of intrathoracic 

tracheal defects. In the main, these studies have been experimental and 
under controlled conditions in an attempt to reproduce in the laboratory those 
conditions which might prevail posttraumatically or as a result of excision 
of a portion of the trachea in the human. The eases thus far reported in the 
human being have been for the most part those deliberately attacked with 
adequate forethought and preparation for a possible tracheoplasty. 

The case to be reported was of an emergency nature and treated with the 
facilities ordinarily available in a well-appointed operating suite. 


CASE REPORT 


History of Present Illness.—History was unavailable on admission and was obtained 
during convalescense through an interpreter. This was the first time this patient, a 20-year- 
old private in the Marine Corps of the Republic of Korea, had undergone hospital treatment. 
Approximately twenty-four hours prior to admission and while on a night patrol, the patient 
sustained a through-and-through bullet wound which entered the left supraclavicular region 
and exited through the eighth interspace in the right posterior chest. The patient lost 
consciousness shortly thereafter, and nothing further is known about his consequent course 
until he was brought to the U.S.S. ‘‘Repose’’ by PT boat late on the night of June 30, 
1952. No treatment, so far as is known, was administered until arrival here. The patient 
was taken directly to the operating room. 


Physical Examination.—Patient’s condition appeared terminal on admission; he was 
cyanotic, breathing with extreme difficulty and with audible moist rales. There was a wound 
of entrance 1 by 2 em. just to the left of the suprasternal notch and a wound of exit 1 by 
1 em. in the eighth interspace, right mid-posterior chest. Marked subcutaneous emphysema 
and crepitation were present over the right chest, sternum, supraclavicular region and extended 
over the left chest. The trachea was deviated to the left and breath sounds were not audible 
on the right. The patient obviously had a right tension pneumothorax with marked mediastinal 
shift to the left. A chest roentgenogram taken with a portable unit confirmed the mediastinal 
shift and collapse of the right lung and pneumothorax. There was no evidence of a foreign 
body or fluid in right chest (Fig. 1). 


Procedure.—A large bore needle was inserted into the pleural cavity at the eighth right 
interspace in the midaxillary line and attached to underwater-seal drainage. Air bubbled 
freely and with considerable tension through this system; despite this, however, the patient’s 
condition seemed worse and there was progressive increase in the subcutaneous emphysema. 
Endotracheal intubation was immediately performed, and the patient was turned on the left 
side and an incision was made through the eighth interspace in the midaxillary line. Con- 
siderable air under tension was released by this maneuver. The incision was then lengthened 
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into the usual posterolateral thoracotomy type through the eighth interspace and the ribs 
retracted. The left lung was almost completely collapsed, and it was soon apparent that a 
large defect was present in the trachea just proximal to the coryna. This area was then 
carefully dissected and two perforations were noted: an anterior longitudinal defect 2 em. 
in length just proximal to the coryna, and another of the same size and type, just proximal 
to the anterior defect, on the esophageal aspect of the trachea. It seemed remarkable that 
despite these defects sufficient pulmonary aeration had prevailed to sustain life for twenty- 
four hours. The anterior esophageal surface was contused and discolored over a 3 em. area, 
but no esophageal perforation was noted. The lungs could be expanded readily when the 
defects were covered with gauze and digital pressure applied. A ragged laceration of the 
right lower lobe was present. The vagus nerve was carefully dissected away, and the 


Fig. 1.—Admission x-ray photograph of the chest showing extensive pneumothorax. 


anterior tracheal defect was closed with interrupted silk sutures. The posterior defect was 
difficult to approach for suturing. Excessive manipulation of the trachea and the esophagus 
seemed contraindicated because of the patient’s poor condition and the esophageal con- 
tusion. A full thickness skin graft, large enough to encircle the posterior defect as well as 
to allow for retraction, was obtained from the anterior abdominal wall. The graft was 
everted and passed around the trachea with the skin surface applied to the tracheal defect 
and the subcutaneous tissue in contact with the esophagus and other mediastinal structures. 
The graft was then sutured anteriorly with interrupted silk sutures to form a cuff around the 
tracheal defect, then sutured to the trachea superiorly and inferiorly on the anterior surface 
(Fig. 2). Following this procedure, the lung could be expanded with positive pressure and 
without evidence of seepage of air or fluid through the defects or around the skin graft. 


The lung laceration was repaired with interrupted catgut sutures. A large catheter was 


inserted through a stab wound in the ninth interspace, right anterior axillary line and 
connected to underwater-seal suction. The incision was then closed in layers. Bronchoscopy 
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was performed following the operative procedure. The trachea was patent and dry. The 
patient left the operating room in good condition. 


Postoperative Course-—The patient was placed on intranasal oxygen, penicillin, and 
streptomycin. There was considerable air hunger for the first three days postoperatively, 
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Fig. 2,—Method of repair. 


Fig. 3.—Tracheogram showing adequate tracheal lumen, postoperatively. 
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with labored respirations and audible stridor. Repeated intratracheal suctioning was per- 
formed. On the fourth postoperative day respirations were much quieter and x-ray films 
showed resorption of the hemo- and pneumothorax. On this day the third, fourth, and fifth 
intercostal nerves were injected with Pontocaine Hydrochoride, paravertebrally, preparatory 
to removal of thoracotomy tube. The patient seemed to tolerate this procedure well and 
the tube was removed from the pleural cavity. Almost immediately he developed severe 
respiratory distress, the patient’s eyes became glassy, he did not respond, and within a 
minute respirations had ceased. A large bore needle was inserted into the right second 
interspace just lateral to the sternum and a finger cot with a small hole was tied to the 
end of the needle. The patient began to respond shortly thereafter and the needle was left 
in place and connected to underwater suction. Oxygen was given by mask. Although this 
incident may well represent Pontocaine Hydrochoride reaction (subsequent intradermal tests 
showed sensitivity to Pontocaine), there was also the possibility that a tension pneumothorax 
had resulted on the right when the tube was removed and some residual leakage occurred 
around the tracheal defect. After responding, the patient’s condition improved rapidly. On 
the eighth postoperative day there was evidence of fluid in the right anterior chest area. 
With the aid of fluoroscopic localization, 250 ¢.c. of straw-colored sterile fluid was removed 
from the fifth right interspace, midaxillary area. X-ray films taken after this procedure 
showed almost complete removal of fluid from the right chest and a normal-appearing lung. 
The patient’s activities gradually increased; he was up and around without difficulty. Closure 
of the donor area on the anterior abdominal wall was performed on the twenty-sixth post- 
operative day by mobilization of superior and inferior skin flaps, Tracheogram performed 
on the twenty-eighth postoperative day showed a small area of indentation in the area 
where the skin graft had been applied (Fig. 3). 


SUMMARY 


A ease of traumatic perforations of the intrathoracic trachea with repair by 


skin graft is reported. The patient is doing well two months following opera- 
tion. 
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TRACHEAL RESECTION AND REPLACEMENT 
WITH A PROSTHESIS 


Roser L. Craig, M.D., ANp GeorGe W. Houmes, M.D., F.A.C.S., Cuicaco, Itt., 
AND Evmer J. SHABART, M.D., Livermore, CAtir. 


INTRODUCTION 


N THE course of resecting portions of the tracheobronchial tree in human 

beings, it was apparent that the opportunities for cure in patients with neo- 
plasm or extensive chronic inflammatory involvement could be considerably 
improved if the extent of the resection could be increased. Tracheobronchial 
resection has been attempted by a number of investigators,'!» 141% 18 but the 
difficulties peculiar to surgery of the respiratory tree have offered many un- 
usual problems. It is true that recent advances in the knowledge of anes- 
thesia, physiology of respiration, and antibiotic therapy have offered a greater 
opportunity for suecessful surgery, but extensive resection of the trachea 
and/or bronchi offers many problems not yet solved. 

The present study was undertaken in order to determine whether or not 
extensive resections of the trachea could be done on animals. If the tech- 
niques for this could be devised, then possible applications might be made in 
cases of advanced disease involving the human tracheobronchial tree. The 
fundamental problem of whether or not tracheal regeneration would occur 
had not been satisfactorily answered. It was also evident that the problem 
of re-establishing continuity of the respiratory tree in an airtight manner had 
not been universally successful. Maintenance of the rigidity of the cartilage- 
supported trachea, following partial resection, was uncertain. As a result of 
the present study, some of these problems have been answered and others more 
clearly defined. 

In 1948 Clagett and his co-workers! reported the resection of the trachea 
in eighteen dogs with anastomosis of the resected ends over a moulded poly- 
ethylene tube. In five of these dogs a gap was left between the resected ends 
of the trachea at the time of anastomosis. In four instances tube implants 
within the trachea were studied without tracheal resection. In the remainder 
the trachea was resected and reanastomosed end to end over the polyethylene 
tube. Complications of the operative procedure and tube implants included 
tracheal obstruction in three dogs, tracheal collapse which occurred in two 
dogs after the tube was removed, and mediastinitis in two dogs. No evidence 
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of cartilage regeneration was found in the fibrous tissue bridge between the 
resected tracheal ends when a gap had been left. 


Between 1948 and 1950 Daniel** resected the thoracie trachea in twenty- 
one animals and anastomosed the ends over flanged tubes of various materials 
which were fixed in place with circumferential ties. In the surviving dogs he 
described islands of cartilage cells appearing in the fibrous tissue which 
bridged the gap left by the resected segment. These cartilage cells appeared 
in specimens four and one-half to six months old, and he believed that they 
were formed by differentiation of fibroblasts within the granulation tissue. 
In two other surviving dogs a pneumonectomy was performed and part of the 
trachea and opposite bronchus resected. A tube was used to connect the 
trachea with the remaining main-stem bronchus. The fibrous tissue that 
eventually bridged this gap was found to have well-differentiated cartilage 
rings in it, and the lumen of the segment narrowed to about one-half the nor- 
mal diameter. Complications of the operative procedure included pneumonia, 
tension pneumothorax, as well as aspiration and obstruction due to slipping 
of the tube. 

Bucher and his fellow workers‘ reported the use of stainless steel wire 
mesh to replace tracheal defects in 1951. This mesh was placed around the 
outside of the cervical tracheal wall after segmental or window defects were 
produced. This acted as a bridge for fibrous tissue and epithelium to re-estab- 
lish the airway. Minimal loss of tracheal diameter was noted at the point of 
regeneration, and cartilaginous differentiation in the fibrous tissue was pres- 
ent. In a group of eight animals in which this was done in the thoracic 
trachea, only one dog survived. In the thorax the mediastinal pleura was 
not sufficiently thick and strong to allow an airtight closure. In the success- 
ful experiment a free graft of pericardium was used to cover the defect. Ex- 
amination at autopsy showed this defect to be infiltrated with fibrous tissue 
and evidence of cartilage differentiation in the fibrous tissue was found. Ina 
third series of eight dogs, one survived the operation in which one lung was 
removed along with part of the carina and the defect bridged with wire mesh 
covered by a full thickness free skin graft. Complications in this group of 
animals included pneumonia, atelectasis, and obstruction due to the wire mesh. 

In 1948 Longmire® reported the use of an acrylic tube to replace a cervi- 
eal tracheal defect, basing his application on the work of Daniel. However, 
following removal of the prosthesis after ten and one-half months in place, 
the trachea collapsed and it was necessary to replace the prosthesis. 

In 1950 Maisel and Dingwall® reported successful end-to-end anastomosis 
of the trachea following segmental resection of the trachea in the neck, but 
partial stenosis at the site of anastomosis occurred in these dogs. The strap 
muscles of the neck were used to assist in making the union airtight. 

Ferguson and his co-worker’ reported resection and end-to-end anastomosis 
of the trachea of dogs in 1950. They found that from one-fourth to one-third of 
the tracheal length could be resected and anastomosed in this fashion. It was 
necessary to do a mucosal anastomosis as well as an approximation of the 
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rings in order to prevent stricture formation. Homografts and autografts of 
the trachea resulted in stenotic areas. Covering a defect with tantalum mesh 
following resection of the trachea resulted in successful re-etablishment of 
tracheal continuity with some evidence of beginning stricture formation and 
lack of mucous membrane regeneration. The tantalum served as a lattice for 
fibrous tissue growth and was made airtight by close approximation of the 
strap muscles. Resection of one lung, the carina, and part of the trachea 
with end-to-end anastomosis of the remaining bronchus and tracheal stump 
was successful in six of eight dogs. 

Jackson and his co-workers,® in 1949, showed experimentally that seg- 
ments of bronchi can be resected and the ends anastomosed without granula- 
tion and subsequent stricture, provided they are joined with an everting 
suture which results in a mucosa-to-mucosa contact. If direct end-to-end 
anastomosis was done, stricture formation resulted. 

Windows have been cut in the trachea and bronchi and covered with 
fascia,’7 wire mesh,* and cartilage grafts? in experimental animals. Most 
of these healed well without evidence of obstruction, although narrowing of 
the tracheobronchial tree was occasionally noted at the site of the graft. 
Gebauer® '® has made clinical use of these facts and reported eight surgical 
procedures in human beings in which he resected a window of stenotic bron- 
chus and covered the defect with an inlay graft of skin reinforced with wire. 
Clinically this procedure was of benefit, but as the entire stenotic segment was 
not excised the normal bronchial contour was not re-established and partial 
obstruction necessarily remained. This procedure may be of value in some 
eases of old inflammatory scarring, but it necessarily has a limited range of 
usefulness. Gebauer has also reported segmental resection of bronchi in pa- 
tients with end-to-end anastomosis. 

Experiments to determine whether or not it would be possible to make a 
complete segmental resection of a portion of the trachea and replace this seg- 
ment with a prosthesis were undertaken. It was thought that if an airtight 
channel could be temporarily maintained, the tissue growing over the prosthe- 
sis and between the resected ends of the trachea would eventually make the 
union permanently airtight and eventually gain enough rigidity to allow re- 
moval of the tube. In order to accomplish this the prosthesis had to meet 
certain requirements. It had to be flexible, capable of being sutured in place, 
airtight, and available in different sizes. Since the ends of the prosthesis were 
placed within normal trachea, it was thought that a nonirritating substance 
would be most desirable. Polyethylene (polymerized ethylene), a cloudy 
substance resembling paraffin but with much greater tensile strength, partly 
met these specifications. It was easily moulded, flexible, and nonirritating, 
but sutures cut through it when movement took place. In order to circumvent 
this situation, a special technique was developed. It is described in the follow- 
ing paragraphs. 

METHOD 


Healthy mongrel dogs were used in the experiments, After preliminary pento- 
barbital sodium (Nembutal) anesthesia was given in doses of 30 mg. per kilogram, the 
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trachea was exposed and a cervical segment resected. These segments varied in length, 
and a gap was left which was approximately the same as the width of the resected seg- 
ment. The prosthetic tube was then placed in this gap so as to bridge the resected ends 
of the trachea. The wound was closed in layers. Two injections of 300,000 units each of 
long-acting penicillin were given on the first and third postoperative days. The dogs were 
fed the usual kennel diet until sacrifice or death. Bronchoscopies, x-ray examinations, 
and microscopic sections were utilized in the study. 

The tube prosthesis was constructed of polyethylene in a manner similar to that 
described by Grindlay and his co-workers!2, 13 in 1948. Polyethylene sheeting, from 0.001 
to 0.002 mm. in thickness, was fused over a form. Cork sizers or specially tapered moulds 
were used as the form. These were first coated with a thin layer of soap. This was fol- 
lowed by one or two turns of Cellophane to prevent the polyethylene from adhering to 
the form. The polyethylene sheeting, which is commercially available as sausage casing, 
was then wrapped over the Cellophane. Pressed flat, this casing yields a double sheet 
414 inches wide. Eight turns of this double sheet were wrapped around the form. No. 32 
gauge wire was then wrapped in a spiral fashion around the entire project with the 
coils about 14 inch apart. Four turns of doubled sheeting were wrapped around over the 
wire. This, in turn, was covered with another one or two layers of Cellophane in order 
to keep the surface.smooth during fusion. String ties at either end kept the process from 
unraveling. The entire product was placed in a hospital steam sterilizer and the indica- 
tor turned to ‘‘dry,’’ where it remained for fifteen minutes while fusion of the poly- 
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Fig. 1.—Method of suturing prosthesis in place. 


ethylene was taking place. If steam is introduced into the chamber during fusion, the 
polyethylene will not fuse evenly and obtains a wrinkled nature. When the tube was 
removed from the sterilizer, the previously soaped cork sizer allows the finished tube to 
slide off with slight twisting. 

It was found necessary to introduce wire within the layers of fused polyethylene 
in order that sutures may be placed through the tube without cutting through with motion. 
This was the most important development of the prosthesis as it permitted adequate fixation 
for a period long enough to allow fibrosis to develop around the prosthesis and make the union 
airtight. 


SURGICAL TECHNIQUE 


Through a midline incision in the neck the strap muscles were separated and the 
trachea mobilized. A segment of trachea was then excised between the cartilaginous 
rings. The entire segment, including the membranous portion of the trachea, was removed. 
The tracheal ends were prevented from retracting by stay sutures. The excised segment 
was then replaced by the prosthesis. Sutures were taken through the tube and trachea to 
fix the tube firmly in place. Experience with the first few dogs led us to the opinion that 
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it was best to take the entire bite of the suture needle through the tube and trachea in 
such a way that the hole was not made in the portion of the tube uncovered by the trachea 
ends. It was also found desirable to have the prosthesis fit the resected tracheal ends as 
snugly as possible. It was necessary to have an adequate section of the tube extending 
above and below the defect to allow suturing and provide adequate splinting (Fig. 1). 

Three series of experiments were done. In the first series, referred to as the cervical 
extratracheal series, the tube was placed over the resected tracheal ends so as to be outside 
of the lumen rather than within the lumen (Fig. 2, 4). In the second series, referred to as 
the cervical endotracheal series, the tube was placed in such a manner that the prosthesis was 
placed within the lumen of the resected ends of the trachea (Fig. 2, B). In the third series, 
referred to as the intrathoracic-endotracheal series, the procedure shown in Fig. 2, B was re- 
peated in the thorax rather than in the cervical region. 


A. 
Fxtva-Ivacheal Prosthesis 
OE 


«Prosthesis 


Endotvacheal Prosthesis 


ylx achca-~~ 


a A 
Prosthesis 
B. 
Fig. 2.—A, Method of placing prosthesis over the trachea in the extratracheal series. B, Method 
of placing the prosthesis within the trachea in the endotracheal series. 


Anesthesia was maintained with pentobarbital sodium given intravenously. This 
was sufficient for tracheal resection in the cervical area. When the chest was opened, it 
was necessary to maintain positive pressure. This was done with a windshield wiper 
apparatus supplemented by oxygen when needed. This apparatus was found to be very 
successful in that it could be controlled by the operator and did not require the services 
of an anesthetist. Ether was not used but could easily be incorporated into the apparatus. 


RESULTS 


Cervical Extratracheal Series—Six dogs were operated upon and cervi- 
cal segments resected. Gaps ranging from 2 to 5 em. were permitted between 
the resected ends of the trachea. The prosthesis was placed over these ends 
in an extratracheal manner; the tube was placed outside of the tracheal wall. 
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TABLE I. EXTRATRACHEAL SERIES 








GAP BETWEEN 
SURVIVAL TIME CAUSE OF DEATH RESECTED ENDS 


314 months Tracheal stenosis 2.0 em. 
9 days Pneumonia 2.0 cm. 
114 months Pneumonia 

2 weeks Tracheal stenosis .» em. 
3 weeks Tracheal stenosis .0 em. 
1 month Tracheal stenosis 5.0 em. 











At the time of death there was no evidence of regeneration of the mucosa 
along the inside of the tube. Obviously, the blood supply could only come 
along the axis of the trachea within the tracheal walls since the tube pre- 
vented adjacent structures from providing contact with the bed of the re- 
sected segment. All of these dogs died within four months of the sequelae 
of marked stenosis of both resected ends (Table I). 

Cervical Endotracheal Series—KHighteen dogs underwent resection of 
varying widths of the cervical trachea. Tollowing resection, the tube prosthe- 
sis was placed within the lumen of the trachea, as described under surgical 
technique. Gaps between the ends of the resected tracheal segments varied 
from 1 to 7 em. in length. This gap was sometimes longer and sometimes 


slightly shorter than the width of the resected segment. This difference ap- 
peared to be of little consequence in the end results. The prosthesis was al- 
lowed to remain in place until the animal was sacrificed or died. Bronchos- 
copy was performed to examine the condition of the tracheobronchial tree 


and to watch for the development of stenosis or slipping of the tube. 

In two dogs the upper end of the prosthesis was in contact with the lower 
end of the larynx. Both of these dogs developed laryngeal stenosis with re- 
sultant anoxia and accumulation of secretions. Stenosis was not found at 
the lower end of the prosthesis. These dogs lived two months and one month 
before succumbing to these complications (Table IT). 


TABLE Il. ENDOTRACHEAL SERIES 








GAP BETWEEN 
SURVIVAL TIME CAUSE OF DEATH RESECTED ENDS 
10 months Pneumonia 
6 months Healthy: sacrifice 
6 months Healthy: sacrifice 
2 months Laryngeal stenosis 
114% months Pneumonia 
10 months Healthy: sacrifice 
months Stenosis: slipped tube 
months Intestinal obstruction 
month Pneumonia 
months Sacrifice: stenosis from 
slipped tube 

month Pneumonia 

Pneumonia 

Respiratory infection 

Obstruction: slipped tube 
7 months Living and well 
1 month Laryngeal stenosis 
1144 months Obstruction: slipped tube 
114 months Pneumonia 
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Of the remaining sixteen dogs, the shortest life span was one month and 
the longest ten months before the animal was sacrificed or death ensued. If 
the dog died within two months of surgery (five dogs) death was due to pul- 
monary infection without evidence of stenosis. During this time the prosthe- 
sis remained in place without slipping, and while the tube was in place, the 
ends of the tube usually caused a slight amount of irritation of the tracheal 
mucosa due to motion. This, in turn, caused a small amount of granulation 
tissue to form. However, this granulation tissue organized to form a small 
stenotic ridge in only one dog. After several months the suture material used 
was fractured enough to allow the tube to slip. Perhaps this fixation could 
have been accomplished for a longer period of time if metallic suture mate- 
rial had been used. The tube slipped in five dogs with the result that either 
the tube caused acute obstruction and death, or the unsupported tissue, which 
had formed across the gap, contracted in diameter to cause a true stenosis. 


\as pas al y\) 
o . 


’ 


Fig. 3.—Fixed post-mortem specimen showing prosthesis within the opened trachea. 


In all of the dogs there was evidence of bronchial inflammation of vary- 
ing degrees of chronicity and severity in the distal tracheobronchial tree be- 
yond the prosthesis when examined bronchoscopically or at post-mortem. It 
would appear that the lack of tracheal epithelium across the tube together 
with inadequate velocity given the bronchial secretions by coughing did not 
permit the secretions to be evacuated properly. Even in the dogs which were 
in apparent good health at the time of sacrifice, there was a chronic pneu- 
monitis. Fig. 3 shows a post-mortem specimen with the prosthesis in place 
and covered by fibrous tissue which had bridged a gap between the resected 
tracheal ends. 

Intrathoracic-Endotracheal Series—The intrathoracic trachea was _ re- 
sected segmentally in four dogs. Two of these died in a short postoperative 
period of tension pneumothorax and atelectasis. The other two dogs lived 
one year and fourteen months, respectively. The one-year-old dog died of a 
massive upper lobe pneumonia. The fourteen-month-old dog was sacrificed 
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TABLE III. INTRATHORACIC-ENDOTRACHEAL SERIES 








GAP BETWEEN 
SURVIVAL TIME CAUSE OF DEATH RESECTED ENDS 


12 months Empyema 2.7 em. 
14 months Sacrifice: healthy 5.0 em. 
1 hour Postoperative atelectasis 1.0 em. 
1 hour Postoperative atelectasis 5.0 em. 








in apparent good health. In both of these dogs the gap between the resected 
tracheal ends was approximated to 0.5 em. or less and the tubes fit tightly (Table 
III). 

Microscopic Examination of Tissue—As mentioned before in the examina- 
tion of the gross material, there was always at least a slight amount of bron- 
chitis present. Microscopic examination of sections of lung tissue showed vari- 
ous phases of inflammation. This varied from lobe to lobe as well as from dog 
to dog. Sections were taken from the right upper lobe, right lower lobe, and 
left lower lobe of each animal coming to post-mortem examination. Fig. 4 shows 
a typical lung section in a dog with no apparent respiratory difficulty following 
sacrifice at fourteen months. It can be seen that there is an infiltration of 
chronic inflammatory cells, mostly in the interstitial portion of the lung tissue. 
Fig. 5 is a photomicrograph of an acute pneumonia in a dog dying of respira- 
tory complications. Acute inflammatory cells, exudate, and edema are visible. 

An attempt was made to determine whether or not islands of cartilage were 
present in the regenerating trachea, as described by others.* * Fig. 6 is a photo- 
micrograph of a section of fibrous tissue between two normal cartilaginous rings 
bridging the resected ends of a trachea. This specimen was taken after ten 
months. Fig. 7 is a higher magnification of the same section and shows no 
islands of cartilage forming in the fibrous tissue. This was a universal finding 
in all except one case. 

In this latter instance, distortion of the tissue during fixation makes inter- 
pretation difficult. Fibrous tissue layering, typical of all sections of tissue bridg- 
ing the resected gap, is seen in Fig. 7, as well as in Fig. 8, which was taken 
eight months after the operation. Atrophie epithelium without cilia can be 
seen on the portion of the section which was adjacent to the tube. 


CASE REPORT 


A 63-year-old white man with a tumor of the trachea, thought to be an adenoma, was 
seen on Aug. 31, 1950. It was bronchoscopically resected in three stages. Tissue sections 
showed squamous cell carcinoma, and he was referred to us on Sept. 17, 1950. 

At the time of admission symptoms of cough, dyspnea, and difficulty in raising sputum 
had been present for one month. Bronchoscopy revealed an irregular, hard mass on the an- 
terior portion of the trachea from 2.0 em. below the larynx to a point 1.0 em. above the carina. 
The trachea was approximately one-half obstructed. The patient was cyanotic; the right 
lower lung was atelectatic as seen on x-ray photographs. He had a week cough and accumu- 
lated bronchial secretions. The electrocardiogram showed a right heart strain. 

On Sept. 28, 1950, resection was attempted through a right angle incision splitting the 
upper portion of the sternum vertically, and extending laterally in the second interspace. The 
clavicle and first and second ribs were fractured for additional exposure. 





Fig. 4.—Photomicrograph (315) of lung section of a dog without respiratory complications 
sacrificed at fourteen months. 
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Fig. 5.—Photomicrograph (X215) of lung tissue in a dog dying of a respiratory infection. 
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The anterior half of the trachea containing the tumor was resected and a polyethylene tube 
prosthesis was placed to occupy the defect. The endotracheal anesthetic tube was withdrawn 
temporarily while the prosthesis was inserted. The incision was closed after fixing the prosthe- 
sis in place with interrupted sutures around the perimeter of the tracheal defect. 

Postoperatively the lungs were clear. Expansion, except for a small cap of air, was 
maintained with a vacuum pump. On the second postoperative day the patient developed a 


Fig. 6.—Photomicrograph (x9) of a section of fibrous tissue which bridged two normal car- 
tilaginous rings. 


Fig. 7.—High power photomicrograph (X105) of fibrous tissue adjacent to the normal ring 
shown in Fig. 6. 
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partial atelectasis of the right lung. Despite antibiotics, digitalin, oxygen, and supportive 
measures, the patient died on the fifth postoperative day. Autopsy revealed an enlarged right 
heart, mediastinitis, and partial atelectasis of.the right lung. 


Fig. 8.—Photomicrograph (X70) showing typical layering of fibrous tissue in the regenerated 
segment. Atrophic epithelium in the area which was adjacent to the prosthesis can be seen. 


DISCUSSION 


Many investigators have attempted surgical procedures on the trachea 
and bronchial tree in order to develop more effective techniques of treatment. 
F’rom the work of others and the results obtained in this experiment certain 
unsolved problems can be defined. 

It is apparent that severed ends of the tracheobronchial tree can be re- 
sutured and healing will take place.” '*'° In addition, if a gap is left be- 
tween these same severed ends, the gap will be bridged by fibrous tissue to 
re-establish continuity. There is one outstanding difficulty with this healing 
process. It is extremely difficult to prevent the development of stenosis as 
healing takes place. It has been shown that mucosal anastomosis, as well as 
accurate realignment of the trachea, is necessary if there is to be a maximum 
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opportunity to heal with a minimum of stenosis... When fibrous tissue re- 
generates across the gap in the tracheal tree, it has been a constant finding 
in these experiments that the fibrotic area will contract and produce stenosis 
as soon as the plastic prosthesis is removed. This fibrotic segment is not capa- 
ble of supporting itself. Others have reported the differentiation of cartilage 
rings in the tissue bridge.* This may be true in some eases, but is certainly 
open to question in this series. If there is some cartilaginous regeneration, it 
is not sufficient to support the trachea up to its usual diameter. 

A problem that has not been satisfactorily solved is how to reanastomose 
the tracheal tree within the thoracic cavity, other than by direct end-to-end 
anastomosis, in such a manner that the union is made airtight. Cireum- 
ferential ties around the trachea and an enclosed prosthesis are likely to cut 
through before satisfactory healing has taken place.2 Wire mesh covered 
with skin or pericardium does not provide an airtight anastomosis,‘ and the 
plastic prosthesis used in this series, while offering some promise, has the same 
objections. Until this problem is solved, no operative procedure in which an 
entire segment of the trachea or bronchi is resected in the thoracic cavity, 
provided end-to-end anastomosis is not possible, can be expected to succeed. 
Until this problem is mastered, mediastinal and pleural cavity infections, as 
well as tension pneumothorax, can be anticipated in most of the cases. How- 
ever, windows in the trachea or bronchi ean successfully be made airtight. 

All of the investigators who have used a prosthesis have had the same 
experience with the prosthesis slipping. The resulting acute respiratory ob- 
struction offers a real danger to this aspect of the problem. In addition, lack 
of support of the healing segment may result in marked narrowing due to 
inadequate support or fibrous tissue contracture. The prosthesis also offers 
a barrier to the elimination of secretions from the distal lung while it is in 
place within the trachea or bronchi. This will eventually lead to chronie 
or acute respiratory infections with the attendant complications. Eneroach- 
ment of a tube prosthesis on the larynx results in a stenosis of the lower 
portion of the larynx in the dogs subjected to this situation. 

These experiments show that the trachea can be resected in the neck or 
thorax of dogs and that the trachea will regain its continuity over a prosthe- 
sis. This prosthesis will remain fixed until continuity is re-established, and in 
some instances the anastomosis ean be instituted and maintained as an airtight 
chanel. However, while a segmental tissue defect will regenerate with fibrous tis- 
sue, this tissue is not eapable of supporting itself and stenosis will result when the 
prosthesis is removed. True tracheal regeneration does not occur. This 
would indicate that a prosthesis to replace the entire circumference of a re- 
sected segment will probably not be practical to use on human patients. In 
addition, a prosthesis offers a mechanical barrier to the evacuation of bron- 
chial secretions. Because the prosthesis can be sutured without the sutures 
cutting out, this type of prosthesis might find other use as replacement for 
damaged or destroyed blood vessels, or possibly resected esophageal segments. 
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A MODIFIED BUTTON TECHNIQUE FOR THE CLOSURE OF 
EXPERIMENTAL INTERAURICULAR SEPTAL DEFECTS 


HENRY Swan, M.D., ann B. D. Stewart, M.D. 
DENVER, COLO. 


fe 1949, a method for the creation and closure of interauricular septal defects 
in the dog was developed in our laboratory.1| The technique consisted of the 
inversion of the two auricular tips through the septal defect by means of two 
polyethylene buttons. This method resulted in from 60 to 100 per cent closure 
depending on the size of the buttons which could be tolerated without inter- 
ference with blood flow. On the basis of these promising experimental results, 
clinical trial was given this procedure in 1949 and 1950. The clinical results 
are discussed elsewhere,? but it was immediately evident that in the very large 
clinical defects, closure by tip inversion with the buttons outside would provide 
only partial closure. It seemed desirable to find a way to place at least one 
button inside the heart, and to fix it by suture in position over the septal defect. 
Accordingly, the problem was returned to the laboratory. 

Such a procedure, to accomplish closure of the interauricular septal defects 
by an intracardiae plastic button, was devised and performed on nineteen dogs. 
The defects used for the study were created by excising a portion of the septum 
under direct vision during temporary occlusion of the cavae, as described previ- 
ously by one of us.1. Closure of the defects was accomplished by exposing both 
sides of the heart through bilateral intercostal and pericardial incisions. The 
right side of the chest was opened through the third interspace, and the left side 
through the fourth interspace. A purse-string suiure was placed loosely around 
the tip of the enlarged right auricle, and the tip amputated above a nonerushing 
elamp. As the clamp was removed, the operator’s index finger was introduced 
through the tip into the auricle, and the purse-string suture was tightened 
around the finger. The septal defect was then palpated with the intracardiac 
finger. A curved ligature carrier was inserted through the tip of the left auricle, 
passed through the left auricle to the septum, and made to pierce the rim of 
the defect, guided into the proper place with the finger previously inserted into 
the right auricle. The carrier was then passed on through the right auricle and 
out alongside the finger through the purse-string opening. The carrier was 
threaded with heavy silk, drawn back through the heart and out on the left side, 
and then unthreaded. The carrier was now reinserted in a second place in the 
tip of the left auricle and the procedure repeated, this time passing the point 
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through a place in the rim of septum directly opposite the first suture, and then 
on out the heart on the right side. The carrier was threaded this time with the 
other end of the large silk, after a plastic button of the proper size had been 
placed in the middle of the suture. This resulted in a length of suture with its 
middle portion threaded through a plastic button and protruding from 
an opening in the tip of the right auricle, the two ends of the suture pass- 
ing through the septum, one on each side of the defect, and on out the 
tip of the left auricle through two separate, small puncture wounds. Next, 
the nonerushing clamp was reapplied and the index finger removed. The 
button was now pushed into the lumen of the right auricle through the 
purse-string incision; simultaneously, the ends of the suture protruding from 
the left side of the heart were tightened, allowing the index finger to follow 
into the auricle as the clamp was released. This brought the button in contact 
with the septum and closed the defect. Next, a smaller button was placed on 
the ends of the suture protruding from the tip of the left auricle and the ends 
were tied, thereby inverting the left tip to hold the intracardiac button in place. 
The original incision in the tip of the right auricle was then closed with inter- 
rupted sutures of fine silk (Fig. 1). 


SUTURED INCISION SILK SUTURE WITH KNOT 
OUTSIDE AURICLE | 


RIGHT INVERTED TIP OF 
AURICLE LEFT AURICLE 


PLASTIC BUTTON PLASTIC BUTTON 
IN RIGHT AURICLE INVERTING TIP 


i 
j 
} 
| 


Fig. 1.—Diagrammatic cross section of the auricles showing the manner of closure of the 
septal defect by the intraluminal polyethylene button. 


This operation results in complete permanent occlusion of the defect 
by a plastic button situated in the right side of the heart and plastered against 
the intra-auricular septum, without occlusion of the flow of blood through the 
right auricle in any way. The tip of the left auricle is inverted, but ;nasmuch 
as the button used on the outside of the left auricle to invert the tip is of a 
smaller size, the band of inverted tip that runs through the auricle is not of 
sufficient bulk to obstruct the flow of blood from the pulmonary veins. | 

The dogs were sacrificed or died at various intervals from thirty minutes 
to fourteen months postoperatively. In three instances, the deaths of the animals 
could be attributed to the intracardiac procedure. The two dogs that had intra- 
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TYPE OF 
BUTTON 


CAUSE OF 
DEATH 


TIME 
REACTION OF BUTTON 
HEART ON IN 
F. B HEART 


PER CENT 
CLOSURE OF 
DEFECT 





Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Tantalum 
Tantalum 
Polyethylene 
Methyl metha- 
erylate 
Methyl metha- 
erylate 

Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 


Polyethylene 


Pneumonia 


Still alive 
Sacrificed 


Hemothorax due to 
injury intercostal 
artery 


Uremia due to pros- 


tatie obstruction 
Sacrificed 
Pneumonia 
Intra-auricular 

thrombosis 
Intra-auricular 

thrombosis 
Sacrificed 
Sacrificed 
Sacrificed 


Sacrificed 
Sacrificed 


Sacrificed 

Sacrificed 

Button lodged in 
pulmonary artery 


Sacrificed 


Sacrificed 


Thin film of fibrin 24 hr. 
over button 


mo. 
Tough, smooth mem- mo. 


brane covering 
button 

Small amount of hr. 
fibrin on button 


Tough, smooth mem- 
brane covering 
button 

Tough, smooth mem- 
brane covering 
button 

Fibrin on button 

Intra-auricular 
thrombosis 

Intra-auricular 
thrombosis 

Smooth membrane 
over button 

No fibrin, ete., on 
button 

No fibrin, ete., on 
button 

Membrane on button 

Small flecks of fibrin 
on button 

Smooth membrane 
on button 

Smooth membrane 
on button 


Thin membrane on 
button 
Fibrin on button da. 


100 


100 


100 


100 


100 


100 





cardiac buttons of tantalum mesh died twelve and eighteen hours, respectively, 
after operation. They were found to have ante-mortem clots in the right auricle 


which were firmly attached to the tantalum mesh. The third death resulted 
when the heavy silk suture was accidentally cut during the procedure and the 
intracardiac button left the auricle as a free body and was found twelve hours 
later at autopsy at the bifurcation of the pulmonary artery. Another dog died 
two hours postoperatively as a result of injury to an intercostal artery during 
closure of the chest, with resultant hemothorax. Three other animals died, 
several weeks after operation and of conditions not related to the cardiac 
procedure. The remaining animals were in good health at the time they were 
sacrificed. 

Three different materials were used for the intracardiac buttons. In two 
dogs the buttons were fashioned of tantalum mesh; in two, they were of methyl 
methacrylate; while in the remainder they were of polyethylene. The reaction 
to the three materials used to obturate the defect was different for each material. 
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The extensive thrombosis evoked by the tantalum mesh in the auricular lumen 
rendered it unsuitable for this purpose. The two dogs with the methyl metha- 
erylate buttons were examined at autopsy three days and two months, respec- 
tively, after operation. The buttons were found to be in good position, and 
were not covered by fibrin, thrombus, or tissue film. The foreign body in this 
instanee evoked no response, either in the blood stream or from endodardium. 


Fig. 2.—Photograph of the opened right heart three months after insertion of polyethylene 
button. Note complete closure of defect and the smooth, glistening tissue membrane completely 
covering the button (Dog No. 669). 


The polyethylene buttons, on the other hand, were found to be covered by a 
thin layer of fibrin within four hours after they were placed in the heart. This 
fibrin became well organized and in two weeks the button was covered with a 
tightly adherent, smooth, glistening membrane continuous with the endocardium 
(Fig. 2). This membrane was capable of holding the button firmly in place 
even if the silk sutures were cut. We consider this reaction to the polyethylene 
ideal. The absence of a membrane on the methyl methacrylate buttons is felt 
to be a disadvantage for this particular purpose, since if the sutures should 
ever break or pull through the tip of the left auricle the intracardiac button 
could become a free foreign body. 


SUMMARY 


1. A modification of the polyethylene ‘‘button’’ technique for closure of 
experimental interauricular septal defects is described. 
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2. This technique was 100 per cent effective in fifteen experimental animals. 

3. When placed within the lumen of the right auricle tightly against the 
septum, polyethylene became covered with fibrin which subsequently was invaded 
by endocardial cells to form a smooth, glistening enveloping membrane; methy] 
methacrylate (two animals) caused no reaction either by the blood or the 
endocardium ; while tantalum mesh (two animals) caused massive intraluminal 
thrombosis. 
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PANCOAST SYNDROME DUE TO BRONCHIOGENIC CARCINOMA: 
SUCCESSFUL SURGICAL REMOVAL AND POSTOPERATIVE 
IRRADIATION 


A CASE REporT 


WituiaM M. CuHarpack, M.D., aNnp James D. MacCauuum, M.D. 
Burrao, N. Y. 


¥ APRIL of 1933, Evarts A. Graham’? performed the first successful total 
pneumonectomy for cancer of the lung, a heretofore incurable disease, and 
was able to report the patient alive and well seventeen years after the opera- 
tion. Since then resection has become the treatment of choice for this econ- 
dition. End results in terms of five-year survival rates are still disappointing, 
but essentially they reflect our inability to diagnose bronchiogenie carcinoma 
in its early stage. Since all too frequently the surgeon sees cancer of the lung 
in its more advanced phase, efforts have been directed toward a more radical 
removal of lymphatic drainage areas and resection of expendable continguous 
structures invaded by the tumor; thus a number of successful resections of 
the adjacent parietes, the diaphragm, and other nonvital structures are on 
record. ; 

There is, however, one clinical type that has defied all attempts at surgical 
removal. Bronehiogenie carcinoma arising in the apex of the lung and pro- 
ducing the superior suleus or Pancoast syndrome has uniformly been fatal. 
A search of the literature reveals but a few recorded instances of exploration 
and none of a surgical removal of such a tumor. 

In May of 1950, we operated upon a patient presenting a bronchiogenic 
carcinoma arising in the right upper lobe and extending into the thoracic inlet 
producing a Pancoast syndrome. Surgical removal was accomplished and fol- 
lowed by radiation therapy. The patient is alive and free of recurrence two 
and one-half years after the procedure. No claim of cure is made after such 
a short period of observation. We feel justified, however, in presenting this 
preliminary report not because we )elieve it to be the first instance of surgi- 
eal excision of this type of tumor but chiefly because of the remarkable pallia- 
tion obtained in a disease notorious for invariably producing unbearable pain 
and death within a few months after the appearance of the first symptoms. 


CASE REPORT 


H. R., a 54-year-old white man, was admitted to the Veterans Administration Hospital 
in Buffalo, N. Y., on April 19, 1950. He attributed the illness which brought him to the hos- 
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pital to a fall sustained two months prior to admission when he struck the ground with his 
right shoulder. Ever since then, he stated, there was considerable pain in the shoulder, which 
increased in severity and in extent, involving the medial aspect of the arm, the forearm, 
and the hand. Within two weeks he was forced to discontinue working. Swelling and red- 
ness of the right hand appeared, as well as stiffness of the fingers. He was treated without 
success by several physicians. An x-ray picture of the right shoulder showed a calcific deposit, 
and he was referred to the hospital with the diagnosis of bursitis. 

At the time of admission the pain was excruciating and intractable, and a paralysis of 
ulnar distribution was present. Examination showed slight ptosis and myosis of the right 


Fig. 1.—X-ray photograph of the right shoulder and apex of the lung at the time of admission. 


Fig. 2.—X-ray appearance of chest two years following the operation. 
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eye; roentgenographic examination of the chest revealed a small density in the right apex. 
Definite erosion of bony structures in the area could not be demonstrated. The diagnosis of 
apical bronchiogenic carcinoma with superior sulcus syndrome was entertained, and the 
patient was referred to the Thoracic Surgical Service. Further detailed anamnesis, physical 
examination, and laboratory work-up were not contributory. Surgical exploration was carried 
out on May 15, 1950. 

Operative Procedure.—General inhalation anesthesia was used (ether, oxygen, nitrous 
oxide). The patient was placed in the left lateral position. A long, curved, periscapular 
incision was made starting over the anterior border of the trapezius low in the neck and 
continuing caudad between the scapula and the spine, curving around the lower end of the 
scapula and terminating on the anterior axillary line. Division of the muscles along the 
line of incision included all of the fibers of the trapezius. The scapula was retracted an- 
teriorly, and the upper insertions of the serratus anticus were stripped from the ribs. 
The scaleni attachments to the first and second ribs were severed. Further forward retrac- 
tion of the scapula afforded excellent exposure of the entire apex of the thoracic cage. 


Levator of scapula _. 


Brachial plexus _ 


Fig. 3.—Artist’s conception of the operative field and the line of incision. 


It was decided to first assess the intrathoracic component of the tumor. The fourth 
rib was resected subperiosteally and the pleural cavity entered through its bed. The 
upper lobe was firmly adherent to the apex over an area the size of a silver dollar; no 
mediastinal glands were palpable. The hilar area appeared nofmal, The tumor mass in 
the apex of the upper lobe was firm and the size of a small egg. It was felt that the intra- 
thoracic component could satisfactorily be dealt with by a,lobectomy. The rib spreader 
was removed, and attention was turned to the extrathoracic component of the tumor. The 
second and first ribs were removed in their entirety. Remarkable exposure of the pleural 
dome and of the adjacent structures in the neck was obtained. The growth appeared to 
adhere to the periosteum of the first rib, but gross penetration into the bony substance was 
not observed. The tumor extended through the apex of the pleural dome into the brachial 





Fig. 5.—High-power microphotograph of the tumor tissue. 
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plexus. Roots T 1, © 8, and C 7 were clearly involved. It was felt that by sacrificing these 
roots there was a reasonable chance to remove the entire tumor. The tumor extended close 
to, but did not actually involve, the subclavian artery. The roots were divided posteriorly 
as close to their emergence as possible and the corresponding gray and white rami were 
severed. Anteriorly the nerves were divided approximately 1 to 2 em. beyond grossly dis- 
cernible tumor, The tumor attached to the pleura, endothoracic fascia, remaining rib 
periosteum, and intercostal bundles was then pushed downward, much like an apicolysis. 
The subclavian artery and vein were left clean and stripped of all tissue. The pleura was 
then cut laterally at the level of the remaining third rib and posteriorly and on the medi- 
astinal side approximately at the level of the azygos vein. 





Fig. 6.—Microphotograph showing infiltration by the tumor of brachial plexus nerve. 


The rib spreader was replaced into the previously opened bed of the fourth rib, and 
the upper lobe was removed by standard individual ligation technique. 

A small posterior segment of the third rib was removed to permit downward angula- 
tion and approximation to the remaining fifth rib. Closure of the aperture created in 
the chest wall by removal of the upper two ribs was accomplished by swinging a para- 
vertebral muscle flap over this area. The chest was drained anteriorly and posteriorly 
by large intercostal catheters connected to underwater seals. The remainder of the wound 
was closed in layers. 
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Pathologic examination of the specimen revealed a highly undifferentiated squamous 
cell carcinoma clearly originating in, and traceable to, one of the minor branches of the 
right upper lobe bronchus. Invasion by the tumor of the pleura and perineural spaces of 
the brachial plexus cords was demonstrated. A limited number of sections made from 
the first rib failed to show evidence of tumor tissue. 


Postoperative Course and Follow-up—The immediate postoperative course was en- 
tirely satisfactory. Expansion of the remaining lobes was complete. The wound healed 
by first intention. Initially the patient had good relief from pain. Neurological examina- 
tion revealed a lower radicular brachial plexus paralysis of the Déjerine-Klumpke type due 
to the removal of roots C 7, C 8, and T 1 which affect mainly the median and ulnar funce- 
tion of the hand. Ptosis and myosis of the right eye were unchanged as compared to the 
preoperative status. The Horner syndrome, mild in this instance, was undoubtedly due 
to invasion of the white rami coming from the first theracie root rather than to involve- 
ment of the chain in the neck. 


Fig. 7.—Photograph of the patient two and one-half years after the operation. 


Approximately two weeks after the procedure, the patient again began to complain 
of pain in the right arm and hand although he described the sensation as being different 
and milder than the one experienced before the procedure. Small doses of codeine, how- 
ever, were required. The possibilities of incomplete removal, early recurrence, and pain 
of sympathetic origin were considered, but there was no definite diagnostic evidence in- 
criminating any one of these factors in particular. Although recorded experience with 
radiotherapy in this type of tumor is uniformly disappointing, it was felt that in this case 
where all gross carcinoma had been resected and overlying bony structures removed, the 
possibility of delivering a cancerocidal dose to any remaining microscopic foci of a rather 
undifferentiated tumor was greatly enhanced. Accordingly, three weeks after surgery 
a course of radiation therapy was begun and 6,528 roentgen (H.V.L. 2.5 mm, cu.) were 
delivered over fifty-four days to the general tumor area.* Subsequently the patient was 
seen at approximately three-month intervals and closely checked for evidence of recur- 
rence. The status two and one-half years after the operation is as follows: General 
condition is excellent. He weighs 169 pounds, ten pounds more than immediately before 
the operation and the most he ever weighed. Neurological examination fails to reveal 


*Therapy carried out by Dr. Walter T. Murphy, Roswell Park Memorial Institute. 
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may change in the extent of the paralysis. Trophic changes of the tissue of the hand are 
marked. He complains of a mild to moderate burning sensation in the right hand and 
arm but grades them as mild compared to pain sensation before the procedure. The pain 
is entirely acceptable to the patient, and he does not require medication. There is no 
interference with sleep. He has adjusted to the disability resulting from the paralysis and 
feels that the limb is still useful to him. 


COMMENT 


‘‘Importance of Careful Roentgen-Ray Investigations of Apical Chest 
Tumors’’ was the title of Pancoast’s” original description in 1924 of three 
cases presenting as essential feature: location of the tumor at the thoracic 
inlet, pain around the shoulder and down the arm, atrophy of muscles of the 
hand, Horner syndrome, and, roentgenographically, a homogeneous density at 
the extreme apex with more or less erosion of adjacent bony structures. Tis- 
sue for pathologie examination had been obtained by biopsy in two of the 
three instances. Pancoast felt he was dealing with a new and specific entity, 
a tumor arising in an embryonal epithelial rest derived in all likelihood from 
the fifth branchial pouch. In 1932, in his Chairman’s Address”? before the 
radiological section at the eighty-third annual session of the American Medi- 
cal Association, he reported four more similar cases. Biopsy had been secured 
in one of these. No autopsy material was presented. He recommended that 
the name of the lesion be changed to ‘‘Superior Suleus Tumor’’ and reiterated 
his belief that it did not arise from the lung or other structures in the vicin- 
ity. He added, however, ‘‘It is possible that this designation may be changed 
again with a better knowledge of the histopathology of the growth.’’ This 
reservation was well borne out by subsequent studies of identical lesions. 

Herbut and Watson’ in 1946 made a complete survey of the literature 
dealing with the subject and were able to collect 151 cases, including 17 of 
their own. They pointed out that although isolated reports had appeared 
prior to 1924 (Hare, 1838; MacDonnell, 1850; Ricaldoni, 1918; and Freeman, 
1921) the syndrome did not become generally known until Pancoast’s article 
had appeared. Subsequently numerous reports appeared in the world litera- 
ture referring to the ‘‘Pancoast tumor,’’ ‘‘Pancoast syndrome,”’ and ‘‘supe- 
rior suleus tumor.’’ However, identical lesions have been described under 
other designations, the more common of which are: ‘‘the apico-costovertebral 
syndrome of Tobias,’’ ‘‘Pancoast-Tobias syndrome,’’ ‘‘suleus tumor,’’ ‘‘can- 
eer of the thoracic pulmonary apex,’’ ‘‘tumor of the superior thoracic inlet,’’ 
and several others. Herbut and Watson proposed the comprehensive designa- 
tion of ‘‘Tumor of the thoracic inlet producing the Pancoast syndrome.”’ 

We have reviewed all contributions to the subject published subsequently 
to Herbut and Watson’s study and a bibliography of these is attached; indi- 
vidual reports will be mentioned in this text only in those instances in which 
new and pertinent facts have come to light. For a detailed analysis of the 
clinical picture and pathologic material, the reader is referred to Herbut and 
Watson’s publication. We wish to present only a short résumé of the present 
concept of this lesion. 
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Clearly, it is the particular location of the lesion leading to compression 
and invasion of the structures within and adjacent to the thoracic inlet which 
determines the clinical and diagnostic features of this syndrome. Pancoast 
considered four characteristics as essential: pain, paralysis and atrophy within 
the lower brachial plexus territory, Horner syndrome indicating invasion of 
the sympathetic nerves, and presence of an apical density with erosion of bone and 
ribs. However, depending upon size, stage of development, and invasiveness 
of the lesion, one or several of these features may not be present. Conversely, 
additional features may appear as further neighboring structures are involved. 
Thus extension into the spinal cord, invasion of the vagus and the recurrent 
nerves, and compression of the subelavian vein and artery have all been ob- 
served. Anginal pain due to invasion of the sympathetic fibers originating 
from the second and third thoracic roots ean oeeur, and erosion of bone may 
extend to and involve the sternum. Swelling of the neck, tachyeardia, and 
anhidrosis have been described. The frequency of occurrence of the more 
commonly seen manifestations in Herbut and Watson’s analysis of 151 cases 
was as follows: Tumor mass on x-ray examination, 140; Horner syndrome, 
133; pain in the shoulder, 129; and in the arm, 122; paresis, 99; palpable su- 
praclavicular mass, 74; atrophy of muscles of the arm, 71; cough, 48; dyspnea, 
30; hoarseness, 22; edema of the arm, 20; laryngeal paralysis, 15; and hemopty- 
sis, 6. 

With regard to the nature of the lesion, Pancoast’s original concept of a 
specific branchiogenic epithelioma had soon to be abandoned in the light of 
subsequently recorded observations and autopsy material, showing that 
a great variety of malignant tumors may be implicated by metastasis 
or direct extension in the genesis of the syndrome and that it is the 
location and not the nature of the tumor which is specific. Primary ear- 
cinoma of the lung, originating in the pulmonary apex, accounts for the ma- 
jority of eases. The thyroid gland, the breast, the esophagus, and the pleura 
were other more common sites of primary cancers producing Pancoast syn- 
dromes, but virtually every organ of the body and every known type of malig- 
nancy have been mentioned as a source. However, there are on record a small 
number of well-authenticated eases in which the tumor was shown to originate 
in the neck, thus supporting Pancoast’s original thesis. Herbut and Watson’* 
cited five such well-documented case descriptions (three reported by Fried, 
Graf, and Sternberg, respectively, and two by Morris and Harken) and added 
three of their own. In five of these instances, the tumor was of the squamous 
cell type, one showed squamous and adenomatous features, one was anaplastic, 
and one an adenocarcinoma. At variance with the hypothesis of branchiogenie 
origin advanced by Pancoast, Herbut and Watson consider that these tumors 
may arise in displaced bronchial buds and support their view by the oceur- 
rence of cells of adenomatous and anaplastic character. 

While the histogenesis of the Pancoast syndrome has aroused lively dis- 
cussion, there is unanimity of opinion with regard to its somber prognostic 
implications and the rapidly fatal outcome of these tumors. Pancoast stated, 
‘‘Death occurred as a result of what seemed to be a comparatively trivial 
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growth without detectable metastases.’’ Herbut and Watson wrote in 1946, 
‘““To date the disease has been 100% fatal. Roentgen therapy so far appears 
of no avail.’’ They expressed, however, the hope that in the future an opera- 
ble case might be detected and urged that the cause of any persistent neuritic 
pain of the upper limb be thoroughly investigated, even by surgical explora- 
tion if necessary. Walker?’ in 1946 stated, ‘‘Death has occurred in all eases 
recognized up to the present time In no instance has it been possible to re- 
move the tumor surgically and irradiation has not been of palliative benefit.’’ 
A eareful review of the literature up to 1952 has failed to yield any instances 
in which it was possible to resect the tumor or in which radiation was bene- 
ficial. Indeed, only a very few explorations of these lesions have been re- 
eorded: One of Panecoast’s original seven cases was explored; Moersech and 
his associates’? in 1940 reported three cases from the Mayo Clinic; Walker?® 
in 1946,* Sehentz and Salis** in 1946, and Brous’ in 1949 reported one ease 
each. In no instance was the tumor found to be resectable, and in all cases 
of Paneoast syndrome due to a malignancy the course has been rapidly fatal. 
Duration from the time of appearance of symptoms has ranged from two to 
twenty-four months. The average duration in Watson and Herbut’s series 
was put at ten months and subsequent reports present no exceptions. Radia- 
tion therapy has uniformly been unsuccessful, and therapeutic efforts have 
been directed chiefly toward chordotomy and prefrontal lobotomy to relieve 
the unbearable pain that accompanies this lesion. 

Of particular interest is the problem of whether a Pancoast syndrome is 
invariably and exelusively due to a malignant tumor or whether a benign 
process may on oceasion be responsible for a similar symptom complex. Search 
of the literature actually yielded a rather surprising number of such instances. 
The first description found of a benign lesion producing a Pancoast syndrome 
was made in 1917 by Leri and Moulin, who identified a tuberculous process in- 
volving the pulmonary apex and overlying pleura as the cause. Pancoast,”’ 
in his second article in 1932 under the heading Differential Diagnosis, reports 
a ease of superior suleus syndrome which upon exploration proved to be due 
to a tuberculoma. Mahoudeau and Courjaret!® in 1945 described a tubercu- 
lous abscess producing a Pancoast syndrome, and Giova"! in 1950 showed that 
in the case he reported lipoid infiltrations in the course of a Hand-Schiiller- 
Christian disease caused a similar picture. Benedetti® in 1946 quoted Knutson 
as having described a neurinoma with superior suleus syndrome but the origi- 
nal bibliographic reference is not given. Ashe, McDonald, and Clagett? in 1950 
performed an exploratory thoracotomy in a case of suspected superior sulcus 
tumor and found it due to a nonspecific pneumonitis of the left upper lobe 
which was resected. 

In the light of these observations, it must be recognized that a benign and 
nonneoplastic process can occasionally produce a Pancoast syndrome. The 
prognostic and therapeutic implications of such an occurrence are self-evident. 


*Exploration performed by Alton Ochsner. 





CHARDACK AND MAC CULLUM: PANCOAST SYNDROME 


SUMMARY AND CONCLUSIONS 


1. A case of Pancoast tumor due to a bronchiogenic carcinoma is presented. 
The tumor and adjacent involved structures were successfully resected and post- 
operative radiation was given. Technical details of the procedure are described. 
The patient is well and free of recurrence two and one-half years after the pro- 
cedure. No claim for cure is made but palliative features are emphasized. We 
believe this to be the first surgical removal of such a tumor. 

2. The recent literature and concepts on the Pancoast syndrome are re- 
viewed. The syndrome is produced by an expanding lesion in the superior 
thoracic inlet. In the majority of cases it is due to a malignant tumor, bron- 
chiogenic apical carcinoma being the most common offender. On occasion, 
however, a benign tumor or a nonneoplastic benign process may cause a 
similar clinical picture. 

3. Any unexplained persistent neutritic pain in the upper lobe should 
be thoroughly investigated with the possibility of a Pancoast syndrome pro- 
ducing lesion in mind. Earliest surgical exploration is justified because : 

(a) The lesion in a small number of eases has been shown to have been 


benign. 
(b) Even if malignant, it may be resectable and important palliative 
benefits may be achieved in an otherwise extremely hopeless and distressing 


type of tumor. 
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A DEVICE FOR THE EXPERIMENTAL CREATION OF VENTRICULAR 
SEPTAL DEFECTS 


PRELIMINARY REPORT 


Mansur Tauric, M.D.,* anp F. Joun Lewis, M.D. 
MINNEAPOLIS, MINN. 


NEW type of plastic button for the production of interventricular septal 

defects and the technique of its insertion under direct vision are described 
here. Development of this device is part of a plan to evolve methods for the 
correction of intracardiac defects with the aid of hypothermia. First, interatrial 
septal defects were made and closed‘ and now the more difficult problem of pro- 
duction and closing ventricular septal defects is being investigated. If a high 
interventricular septal defect can be made experimentally, and then if the defect 
can be satisfactorily closed at a subsequent operation, it is possible that the 
same technique ean be used to close similar defects, perhaps even the ventricular 
septal defect associated with the tetralogy of Fallot, in human beings. 

As a first step then, a satisfactory interventricular septal defect must be 
produced. Other investigators have used various methods to make these defects 
blindly or with only partial exposure of the interior of the heart.’*** With these 
methods there is some danger of injuring the intracardiac structures and also 
the obvious difficulty of not being able to place the defect accurately. When de- 
feets are made by simply producing a septal wound, there are further difficul- 
ties: first, the defect may close spontaneously; and second, with this method the 
actual size of the defect is never known accurately. It is hoped that the tech- 
nique to be described will overcome these difficulties. 


DESCRIPTION OF THE BUTTON 


The device (Fig. 1) consists of a serew-shaped tube made of Lucite. Its 
external surface has a spiral thread with twenty teeth per inch, each tooth form- 
ing a 45 degree angle, and measuring 2 mm. in depth. The thread is deep 
enough to permit a firm anchorage of the tube in the myocardial tissue without 
the help of flanges or reinforcing sutures. Its internal surface is polished and 
coated with a siliconet to minimize clot occlusion. The tube is 16 mm. long, 
and its wall is 2.5 mm. thick. The internal diameter is varied so that septal de- 
feets may be made suitable to the size of the particular dog. Tubes of 4, 6, and 8 
mm. internal diameter have been used. An obturator and a serew driver with 
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a lateral attachment to hold the tube are complementary tools which make in- 
sertion safe, easy, and rapid. <A ring of fine surgical wire may be added to the 
device for radiologic identification during heart catheterization. 
TECHNIQUE OF INSERTION 

The general steps of the operative technique are similar to those described 
by us for the repair of interatrial septal defect with the aid of hypothermia.‘ 
Here, also, the cardiae inflow and outflow are suspended before the opening of 
the heart. After reducing the body temperature to 26 to 28° C., the venae cavae 
are occluded with silk loops, and the ascending aorta and pulmonary artery are 
clamped with a Satinsky vena caval clamp close to the base of the heart. With 
this clamp we try to oeelude the coronary arteries as well. 


Fig. 1.—The tube and the obturator seen separately and together with the screw driver. 


Through a sufficiently large, longitudinal right ventriculotomy, with the 
field dry, a buttonhole incision is first made through the entire septum in an 
area anterior to the medial leaflet of the tricuspid valve. The tube is then in- 
serted tightly in the septum through the buttonhole incision, its distal extremity 
being located in the left ventricle just below the aortie orifice (Fig. 2). The right 
ventricle is closed with mattress and running sutures, the mattress stitches hav- 
ing been placed before the heart was opened. When the tube is well placed in 
the septum, a thrill and a systolic murmur are always present after closure of 
the heart and the chest. 
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RESULTS 


To date we have performed this experiment on fourteen mongrel dogs weigh- 
ing from 23 to 59.5 pounds. No intraeardiae injury beyond the septal pertora- 
tion has occurred. There was one death during the operative procedure, and 
six dogs died within a period of seventy-eight hours following surgery. Ap- 
parently the main cause of these early deaths was cardiac failure due to the 
large diameter of the tube; but in one dog, in which strong and successive mas- 
sage was necessary at surgery, the tube was found at autopsy in the right pul- 
monary artery. Seven dogs survived the surgery. 


Fig. 2.—The tube shown protruding through the subaortic portion of the septum. Heart 
a a dog that died during operation from cardiac failure due to the large lumen of the 
ube. 


After successful production of a defect by this method, a loud systolic 
murmur is audible over the heart; and, at this time, the presence of a defect 
may be confirmed by eardiae catheterization. 

Defects produced in this way may be used for a study of the pathologie 
physiology and anatomy resulting from them; but as stated earlier, our chief 
concern has been to develop methods for their successful closure under direct 
vision. Our experience is, at present, too small for extended discussion, but it 
would appear that defects produced by the method described are adequate for 
testing closure techniques. When the button is removed at a second operation, 
the operator is faced with a large high interventricular septal defect with rela- 
tively firm walls. Of all the problems encountered at this point, that of pre- 
venting coronary air embolism is particularly difficult, more difficult certainly 
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than it is when an interatrial septal defect is to be closed.* With the production 
of a satisfactory experimental defect, the first step in solving this and other 
problems has been made. 


SUMMARY 


1. A plastie button which has been successfully used experimentally to pro- 
duce interventricular septal defects of a definite size has been described. 

2. The technique for insertion of the button involves the use of hypothermia 
and the accurate placement of the button under direct vision. 

3. The use of these experimental defects to study methods designed for the 
closure of high interventricular septal defects is briefly discussed. 
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PHYSIOLOGIC STUDIES FOLLOWING THORACIC SURGERY 
III. VENTILATORY STUDIES IN THE IMMEDIATE POSTOPERATIVE PERIOD 


FRANK FE. Martin, M.D., AnD WILLIAM W. Strap, M.D. 
MINNEAPOLIS, MINN. 
INTRODUCTION 
REVIOUS work from this laboratory has shown that ventilation is ineffi- 
cient on the day following various types of thoracic surgery.’ * These 
studies were done sixteen to twenty hours postoperatively and revealed no in- 
stance of even mild acidosis. The normal mechanism for increasing alveolar 
ventilation by means of greater tidal exchange was hampered most likely by 
chest pain and varying degrees of paradoxical chest motion. The most signifi- 
cant finding was the increase in rate of respiration necessary to maintain an 
adequate alveolar ventilation in the presence of this limited tidal exchange. 
Such rapid shallow respiration is inefficient because with each breath about 150 
c.c. is wasted in ventilation of the physiologic dead space. Only air in excess of 
this volume contributes to effective ventilation. 

There are several recent reports which indicate that a definite acidosis 
commonly develops during intrathoracic surgical procedures performed under 
general anesthesia.**> The present paper is a report on the nature of ventila- 
tion during the immediate postoperative period when this acidosis is still pres- 
ent. 

METHODS AND MATERIAL 


In general, the methods employed in this study were the same as those 
reported in the first paper of this series.t The one exception was that 100 per 
cent oxygen was used instead of room air as the inspired gas in some patients. 
This was done because it was not felt safe to remove the continuous oxygen 
from some of the patients in the immediate postoperative period. The breath- 
ing of pure oxygen removes the anoxic stimulus to respiration and may lead to 
a slight retention of carbon dioxide by lowering alveolar ventilation. However, 
since many patients receive therapeutic oxygen immediately following tho- 
racic surgery, it was felt that a study of the situation that regularly obtains 
after chest surgery could be performed while the patient was receiving oxygen 
therapy without invalidating the results. 

Eighteen’ patients, 18 to 61 years of age, were studied a few days prior to 
surgery and again immediately upon return to the ward. The interval between 
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completion of the surgery and return to the ward ranged from twenty to thirty- 
five minutes. The pulmonary resections varied from pneumonectomy to minimal 
wedge resection for pulmonary tuberculosis (Table I). Anesthesia consisted of 
sodium pentothal and ecurare supplemented with intermittent nitrous oxide. 
Manually assisted and controlled respiration was practiced throughout anesthesia. 
Preoperative pulmonary function studies revealed considerable variation (Table 
[). Several of the patients had moderate pulmonary emphysema. 


TABLE I, PREOPERATIVE PULMONARY FUNCTION VALUES AND INDIVIDUAL PH DETERMINATIONS 
BEFORE AND WITHIN ONE HOUR FOLLOWING SURGERY 








RESIDUAL 
VITAL MAX. BR, | VOL./TOTAL 

CAPACITY CAP. VOL. C.C./M2 ARTERIAL BLOOD PH 

PATIENT PROCEDURE C.c./M2 L./MIN./M2 | PER CENT PREOP. | POSTOP. 
WaP. Pneumonectomy 1856 28.2 26.5 41 
L. R. Pneumonectomy 1180 37.0 51.9 41 
R. B. Lobectomy 1236 31.2 53.7 37 
Wee Pneumonectomy 2427 50.1 31.7 37 
Lobectomy 1160 25.1 54.0 .39 
Lobectomy 1173 19.7 41.4 36 
Lobectomy 1690 26.3 48.1 36 
Segmental 2083 43.6 35.4 40 
Lobectomy 2314 57.7 21.5 .40 
Segmental 2346 53.5 44.1 41 
: Segmental 2043 43.2 31.3 41 
E. O. Segmental 1927 34.0 40.3 43 
Los Wedge 2762 54.5 22.2 43 
G. K. Segmental 1758 43.6 49.2 7.40 
D.S Segmental 2641 51.0 20.6 40 





W.W. Segmental 1706 35.5 15.8 ‘40 


S. M. Segmental 3121 64.5 21.3 40 

P.N. Wedge 2291 67.5 16.7 7.39 

Mean 1984 42.57 34.76 

S. D. 576 13.85 13.42 

Normal* 2290 + 274 61.0 + 6.0 23.0 +4.1 7.40 + 0.01 


*Mean for sixteen normal men 23 to 44 years of age. 





RESULTS 


The mean values for the pertinent observations are given in Table II. The 
mean arterial blood pH fell from 7.40 preoperatively to 7.28 following surgery 
(Fig. 1, A). Only one patient showed no drop in the arterial blood pH post- 
operatively (G. K. Table I). The arterial blood (and thus alveolar) carbon di- 
oxide tension rose from a preoperative mean of 41.76 mm. Hg to 53.96 mm. Hg 
postoperatively (Fig. 1, B). Eight of the patients in whom room air rather than 
oxygen could be used as the inspired gas showed a mean fall of arterial oxygen 
saturation from 95.0 per cent to 81.2 per cent postoperatively. All of these 
changes were of statistical significance (p = 0.01 or less). 

The mean minute volume of ventilation increased from 6,410 ¢.¢c. per min- 
ute before surgery to 9,553 ¢.c. per minute postoperatively (Fig. 1, C). The 
mean respiratory rate rose from 15.2 per minute preoperatively to 27.8 per min- 
ute postoperatively (Fig. 1, D). The mean tidal volume fell from 434.4 ¢.e. pre- 
operatively to 348.8 ¢.c. immediately following surgery (Fig. 1, #).. The elimi- 
nation of carbon dioxide increased from a preoperative mean of 231.7 ¢.c. per 
minute to 302.5 ¢.c. per minute postoperatively (Fig. 1, F). These changes 
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were statistically significant. The mean alveolar ventilation showed no signifi- 
cant change, being 3,872 ¢.c. per minute preoperatively and 4,063 ¢.c. per minute 
postoperatively (Fig. 1, H). The apparent discrepancy of an increase in the 
elimination of carbon dioxide and an unchanged alveolar ventilation was due 
to the increase in carbon dioxide concentration in the alveolar air immediately 
following surgery. For this reason, each volume of air which reached the 
alveoli was more effective in the removal of carbon dioxide. 


Mean pH of Mean Art.CO, Mean Min. Vol. Mean Resp. Rate Mean Tidal 
Art. Blood Tension (Pco,) of Vent. (V) /Min. (f) Volume Vy 
6B c D 
9.553 
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Fig. 1—Mean values of pertinent observations found in eighteen patients prior to surgery and 
within one hour following pulmonary resection. 

The mean tidal alveolar ventilation fell from 265.7 ¢.c. per breath pre- 
operatively to 153.6 ¢.c. per breath postoperatively (Fig. 1, @). The mean 
physiologic dead space was 148.7 ¢.c. per breath preoperatively and 176.1 c.c. 
per breath immediately following surgery (Fig. 1, J). The mean dead space 
ventilation showed a rise from 2323 ¢.c. per minute preoperatively to 4929 c.c. 
per minute postoperatively (Fig. 1, J). In other words, 64 per cent of the total 
ventilation reached functioning alveoli preoperatively. In the immediate post- 
operative period, only 48 per cent of the total ventilation participated in effee- 
tive ventilation and 52 per cent was wasted in ventilating dead space. These 
changes were all significant. 
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TABLE II, MEAN VALUES OF PERTINENT OBSERVATIONS FOUND IN EIGHTEEN PATIENTS BEFORE 
AND WITHIN ONE Hour FOLLOWING PULMONARY RESECTION 








MEAN* MEAN MEAN 
NORMAL PREOPERATIVE POSTOPERATIVE 
Arterial blood pH 40+ . 40+ J 7.28 + .09 
CO, Cont mM/L. x , 22.1 2.8 
Peo, (mm. Hg) 39. 2. ; 3. 54.0 12.4 
Hgb sat’n (%) 96.5 E 5. i 81.2 11.3 
. 8 cases 
V e¢.e./min. 
f (Resp./min.) 
Ve (ce;) 
Vp (c¢.¢.) 








I+ [+ I+ 


9553. 2510 

27.8 
348.8 
176.1 


7 
Me 
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I+ [+ I+ 1+ 
I+ I+ [+ I+ 


4929. 
153.6 


1820. 


of 


Vp (c.c./min.) 
Va (¢.c.) 


I+ I+ 
I+ I+ 


I+ [+ 


302.5 


I+ 
I+ 


a (c.c./min. ) 


Uae 


v, (e.c./min.) 381. + s 4063. 


*Mean values obtained in sixteen normal subjects. 








DISCUSSION 


The data presented on the existence of a definite respiratory acidosis at the 
completion of intrathoracic procedures done under general anesthesia merely 
confirm previous reports.*° 

The most striking observations in the ventilatory mechanics immediately 
following thoracic surgery were the increases in total ventilation, respiratory 
‘ate, and dead space ventilation. These changes were all in the same direction 
as those found sixteen to twenty hours after thoracic surgery,” * but they were 
of greater magnitude. The limitation of tidal volume and slight increase in 
physiologic dead space in the immediate postoperative period necessitated a 
marked increase in respiratory rate for the maintenance of a barely adequate al- 
veolar ventilation. The slight increase in physiologic dead space has been ob- 
served in previous studies also. It is probably explained by the more rapid res- 
piration, plus some discrepancy between the perfusion and ventilation of the 
operated lung. 

In every instance the respiratory acidosis had been corrected sixteen hours 
after surgery. Eight patients were studied at hourly intervals after return to 
the ward, and in seven the carbon dioxide tension had returned nearly to normal 
limits within one hour. The remaining patient had a normal carbon dioxide 
tension three hours following surgery. 

The inerease in respiratory rate, minute volume of ventilation, and dead 
space ventilation indicate that respiration required extra work for the patient in 
the immediate postoperative period. In spite of this mechanical disadvantage 
the acidosis was corrected promptly after surgery in each instance. This is in- 
terpreted to mean that the body does not tolerate such an acidosis when the re- 
spiratory center is in control of respiration and that acidosis is probably harm- 
ful to the body in some manner as yet not clearly understood. It is likely 
that the maintenance of a near normal hydrogen ion concentration is necessary 
for the efficient function of cells. 
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The role of hydrogen ion concentration in the speed and completeness of 
many biochemical reactions is well known. Apparently the absolute limits of 
variation in hydrogen ion concentration which the body can survive are fairly 
wide (pH of 6.8 to 7.8). However, it may be that the range through which the 
cells function optimally is much more narrow. Two patients have recently been 
observed who developed irreversible cardiac standstill at a pH below 7.0. In one 
of these there was no anoxia. No data have been presented which demonstrate 
any specific harm which may accrue from the presence of a moderately severe 
acidosis. However, it has been shown by the present study that the body makes 
a vigorous effort to re-establish a normal hydrogen ion concentration even when 
it must do so in the presence of a very inefficient ventilatory mechanism. 


SUMMARY AND CONCLUSIONS 


1. Ventilatory studies were carried out on eighteen patients prior to and im- 
mediately after pulmonary resectional surgery for tuberculosis. 

2. Acidosis was present in all but one patient immediately following surgery. 
The arterial blood pH decreased from a preoperative mean of 7.40 to 7.28 post- 
operatively. 

3. The ventilatory mechanism was markedly inefficient immediately fol- 
lowing thoracic surgery, necessitating a great increase in effort to maintain a 
barely adequate alveolar ventilation. 

4. The total volume of ventilation increased from a mean of 6,410 e.c. per 
minute preoperatively to 9,553 ¢.c. per minute postoperatively. The greater 
total ventilation was due to an increased respiratory rate since the tidal volume 
showed a significant decrease in the immediate postoperative period. 

5. The ineffective or dead space ventilation increased from a preoperative 
mean of 2,323 ¢.c. per minute to 4,929 ¢.c. per minute postoperatively. This was 
accounted for by the increased respiratory rate plus a slight increase in the 
volume of physiologic dead space. 

6. The acidosis was corrected promptly (usually within one hour of the 
end of the anesthesia) in spite of the inefficieney of the ventilatory meehznism. 

The authors are indebted to Shirley Lundgren and John Oganovich for technical as- 


sistance. 
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EVENTRATION OF THE DIAPHRAGM REPAIRED 
UTILIZING TANTALUM MESH 


MarsHALL ©. SANFoRD, M.D. 
WasHINGTON, D. C. 


VENTRATION of the diaphragm is a condition in which one leaf of the 

diaphragm is in abnormally high position and is markedly thinned and 
atrophic. The muscular component is either absent or greatly redueed—often 
limited to a small rim of muscle around the periphery. This allows the stom- 
ach to angulate upward compressing the lung and shifting the heart and medi- 
astinum to the opposite side. Some authors' * ® 7 believe that the resultant 
compression and displacement of intrathoracic organs are responsible for 
many deaths in the newborn period which have been erroneously attributed 
to congenital heart disease or other causes of respiratory distress. It is in- 
deed surprising that severe symptoms do not always present themselves; how- 
ever, even when symptoms are present, operative repair has seldom been at- 
tempted because of the pessimism regarding the surgeon’s ability to suture 
securely the cellophane-like diaphragm. Surgical correction has been reported 
in only thirteen cases. Operation has consisted of lowering the diaphragm 
into a corrected position with plication of the excess tissue to strengthen the 
repair. 

Eventration of the diaphragm appears to be a congenital anomaly* © al- 
though its etiology is not well understood. It has been discovered in newborn 
infants, and no reported case of normal diaphragmatic position and function 
antedates the discovery of the eventration. There is an affinity for involve- 
ment of the left diaphragm; of 183 cases, 165 affected the left leaf.* 

The true incidence of eventration is not known since many cases go unreec- 
ognized or are not reported in the literature. Petit,* in 1774, first described 
the condition. Since that time, Korns,?° Reed and Borden,* State,? and oth- 
ers” ® ® have reported either a series of cases or single cases, bringing the total 
to approximately 200. 

The diagnosis is usually made on x-ray examination when an intact but 
abnormally-high diaphragm is visualized. ‘‘Dextrocardia,’’? or evidence of 
mediastinal shift with absence of breath sounds, the presence of audible bowel 
sounds in the chest, or roentgenologie evidence of abdominal viscera above the 
usual level of the diaphragm should suggest the correct diagnosis. Pneu- 
moperitoneum may be employed to differentiate eventration from true dia- 
phragmatie hernia. Many patients are completely asymptomatic. However, 
when symptoms are present those referable to the respiratory system are of 
paramount importance and have been the indication for operation in all cases 
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subjected to surgical repair. Varying degrees of obstruction result from in- 
testinal angulation. Symptoms are usually not so severe as in diaphragmatic 
hernia because there is no actual diaphragmatic defect or small sae in which 
the viscera is compressed. Death may result in infants who cannot adjust to 
the pulmonary compression and cardiae rotation. The importance of prompt 
recognition and treatment is emphasized by Ravitch and Handelsman who 
believe that ‘‘Prompt thoracotomy and repair are indicated when this condi- 
tion is diagnosed in the newborn or infant since, however grave the risk, it 
may afford the only opportunity for survival.’” 

In planning the operation in this ease, it was felt that simple plication of 
the thinned diaphragm would not give a sufficiently strong repair, and a sat- 
isfactory and readily available reinforcement was sought. Tantalum mesh 
gauze was selected because of its strength, flexibility, and inertness together 
with its permeability which allows tissue infiltration and strong fibrous rein- 
forcement. It was feared that an adequate amount of fascia lata could not be 
obtained, and a cutis graft seemed less desirable than the utilization of tanta- 
lum mesh. Since this eventration was repaired, utilizing tantalum mesh, 
Monahagn’® has reported the use of the same material in the repair of an even- 
tration in a 65-year-old man. Of particular interest is the experimental study 
of Geever and Merendino’’ who have reported utilizing cutis grafts to repair 
diaphragmatic defects. This technique may be of considerable value when a 
diaphragmatic substitute or reinforcement is sought. 


CASE REPORT 

J. F. F. (38-6495), an 8-year-old white boy, was admitted to Children’s Hospital, Wash- 
ington, D. C.,* on April 17, 1951, for repair of an eventration of the left diaphragm. Birth 
and early development had been normal except for frequent episodes of vomiting associated 
with feedings. This continued intermittently during the first year of life. The vomiting 
gradually subsided but the patient continued to have crampy abdominal pain. This pain was 
most severe in the epigastrium, but at times it radiated to the left lower chest and left 
shoulder. Often the discomfort was relieved following meals. There were no respiratory 
symptoms, and the patient was able to participate in normal school activities. 

During a routine physical examination, the heart was found to be in the right chest. 
The diagnosis of ‘‘dextrocardia’’ was made and an x-ray picture of the chest was obtained. 
This revealed an eventration of the left diaphragm with the stomach and loops of small bowel 
in the left side of the chest. The heart and mediastinum were shifted markedly to the right. 

Physical examination revealed a thin, fairly well-developed 8-year-old white boy. There 
was an asymmetrical chest wall deformity in which the left anterolateral chest wall was 
markedly depressed. The right lung was clear to percussion and auscultation. No breath 
sounds could be heard in the left chest except at the apex posteriorly. Peristalsis was audible 
throughout the lower left chest. The heart was shifted to the right. The point of maximum 
impulse was noted at the right sternal border in the fifth interspace. No murmurs were 
audible. The abdomen was slightly more scaphoid than usual. On fluoroscopy, the abnormally 
high left diaphragm was readily visualized, but it appeared immobile. 

Operative correction seemed indicated because of the pulmonary compression, cardiac 
rotation, and intestinal angulation together with pain and a progressive chest wall deformity. 

Operation.—On April 20, 1951, under cyclopropane and ether anesthesia, the left chest 
was entered through the bed of the resected seventh rib. The diaphragm was immediately 
encountered sincé its apex reached the level of the second rib anteriorly. It was found to be 
cellophane-like and almost transparent, and the stomach, spleen, and loops of small bowel 


*On the service of Dr. John E. Cassidy. 
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Fig. 1.—A and B, Preoperative roentgenograms,. anteroposterior and lateral views, 
demonstrating the eventration, the cardiac and mediastinal shift, and the angulation of the 
stomach into the lower left chest. C, Postoperative, anteroposterior view. Note the return of 
the heart to normal position. The diaphragm is slightly lower than usual and the tantalum 
mesh is clearly visualized. D, Postoperative, lateral view. There is insufficient contrast to 
demonstrate the tantalum mesh but the outline of its border is illustrated. 
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were clearly identified through it. The left lower lobe was partially collapsed. The heart 
and mediastinum were shifted far to the right. No diaphragmatic muscular component was 
seen at first, but a cuff of normal muscle appeared as the diaphragm was stripped from the 
chest wall along its periphery. 

An incision was made in the diaphragm extending from the midaxillary line across to 
the cardiac region. The phrenic nerve was crushed. The anterior and posterior diaphrag- 
matic sheets were then brought together in a lowered position and sutured with interrupted 
mattress sutures of medium silk. This placed the diaphragm in a position slightly lower than 
normal, stretched snugly in a straight line from front to back, Several inches of normal- 


Line of incision 
in diaph. 





Fig. 2.—The eventration allows abdominal viscera to enter the chest causing cardio- 
respiratory compression. Additional diaphragmatic muscular component is made available by 
stripping the diaphragm from its attachment to the chest wall. : 
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appearing muscle now lined the periphery of the diaphragm. The excess of diaphragm was 
not cut away, but was turned back on itself and sutured again along the periphery. A sheet 
of tantalum mesh gauze approximately 3 inches by 6 inches was fashioned to cover the 
exposed diaphragm. The edges of the mesh were turned under and this new diaphragmatic 
reinforcement was then anchored in position with numerous sutures of fine tantalum wire. 


sndinous diaph. 
sutured 
= peripherally 


Fig. 3.—The diaphragm is pulled snug in its lowered position and sutured. The lower 
sketch demonstrates peripheral fixation of the tendinous to the muscular portion of the 
diaphragm. The tantalum mesh was placed over this double thickness of diaphragm. 

Once this mesh was snugly in place, the remaining sheets of diaphragm were brought over 
it and sutured. This completely pleuralized the mesh and made a snug, four-layer repair. 
The reinflated lung now completely filled the left chest; however, the heart did not shift 
back to normal position. It was found to be encased in a thickened pericardium which was 
bound down to the diaphragm and anterior chest wall by numerous adhesions. Blunt and 
sharp dissection was employed to free the pericardium and during this maneuver, the heart, 
which had been somewhat irritable, suddenly stopped. The pericardium was then opened 
widely; cardiac massage was carried out for about one to two minutes, and 2 ml. of procaine 
were injected into the right ventricle. Cardiac rhythm was resumed, at first irregularly, 
but soon reverting to normal. The pericardium was stripped widely from the heart allow- 
ing it to assume its normal position in the left chest. An intercostal catheter was placed 
through a dependent interspace. The wound was closed in layers with silk. The catheter 
was attached to water-seal drainage and the patient was returned to the ward in good 


condition. 
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The postoperative course was complicated by the development of a gallop rhythm 
approximately eighteen hours following the operation, but with the administration of 
procaine and digitoxin, the rhythm returned to normal within six hours. A pleural effusion 
developed which was more severe than is usually encountered in comparable surgical pro- 
cedures. The patient was discharged from the hospital on the twelfth postoperative day 
in good condition. Follow-up x-ray studies, the last taken eighteen months following 
the operative repair, showed the diaphragm to be in good position and the tantalum mesh 
to be intact with no tendency toward fragmentation. Barium swallow of the esophagus 
and stomach revealed them to be normal. The patient’s activities have been unrestricted, 
and he is completely asymptomatic. 
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Fig. 4.—The tantalum mesh covers the entire tendinous portion of the diaphragm and is 
sutured peripherally to the muscular component. By bringing the remaining diaphragm to- 
gether in the midline, the mesh is completely pleuralized. The final repair is illustrated show- 
ing the three layers of diaphragm and the one layer of tantalum mesh. 


SUMMARY 


Eventration of the diaphragm is a condition in which one entire leaf of the 
diaphragm remains intact but is markedly elevated. 

It may cause cardiorespiratory embarrassment with resulting severe symp- 
toms or even death, especially in the newborn infant. 

Satisfactory surgical repair can effect a permanent cure and should be in- 
stituted early since it may offer the only chance for survival. 





428 THE JOURNAL OF THORACIC SURGERY 


The operative techniques for the treatment of this condition are outlined. 
The sueeessful repair of an eventration utilizing tantalum mesh is reported. 
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NEUROFIBROMATOSIS WITH INTRATHORACIC 
NEUROFIBROMAS OF VAGUS NERVE 


Report or A CASE ASSOCIATED WITH PEcTUS EXCAVATUM 


FRANK GERBODE, M.D., AND GERALD S. MarGuliLEs, M.D. 
San FRANCISCO, CALIF. 


E WISII to report a case of neurofibromatosis (von Recklinghausen’s 

disease) with neurofibromas (neurilemmomas, neurinomas) of the vagus 
nerve in the superior mediastinum associated with pectus excavatum which 
-aused cardiac symptoms. We have been able to find reports of only two in- 
trathoraciec nerve sheath tumors which arose from the vagus nerve. Blades 
and Dugan! reported a ease of multiple intrathoracie neurofibromas, two of 
which originated in and were part of the left vagus nerve and two others 
which arose from the posterior superior sympathetic chain. Parsella? reported 
a neurofibrosarecoma of the vagus nerve located in the base of the neck and an- 
terosuperior mediastinum. The usual site of intrathoracic nerve sheath tu- 
mors is in the posterior mediastinum with origin from the sympathetie chain 
or intercostal nerves. Kent and his associates* in 18 of their cases and in 105 
eases of others collected from the literature found no evidence of the vagus 
nerve as a point of origin of intrathoracic nerve tumors. In the neck, eleven 
cases of vagal nerve sheath tumors,*** three cases of ganglioneuroma,'*'® one 
malignant paraganglioma,’” 7° and two spindle-cell sarcomas'® *° have been 
reported thus far in the literature. 

A review of the recent surgical literature of pectus exeavatum*** failed 
to reveal any cases associated with nerve tumors. Siebner’? in 1932 reported 
a ease of neurofibromatosis with a tumor of the vagus in the neck in which a 
picture of the patient revealed a deformed chest which looked like a pectus 
excavatum. In the physical examination it was stated that the deformity was 
due to rickets. 

CASE REPORT 

A 24-year-old white man entered Stanford University Hospital because a routine roent- 
genogram of the thorax revealed a mediastinal asymptomatic mass. He had always been 
moderately short of breath on mild exertion and had been unable to compete in athletics 
during his boyhood or play as vigorously as the other children. There was no history of 
peripheral edema or cyanosis. Physical examination revealed a white man of average de- 
velopment who was not in acute distress. The skin contained numerous ‘‘café au lait’’ 
spots of widespread distribution. The subcutaneous tissues and skin contained many, 
small, firm, nontender masses. The thorax exhibited a pronounced concavity of the lower 
sternum to a depth of 5 em., extending from the regions of the third to seventh ribs and 
involving predominantly the left side of the midline. The posterior mid-thoracie region 
showed a slight left scoliosis. The lungs were negative on physical examination, as was 
the heart except for distant sounds. 
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On Jan. 5, 1952, a thoracotomy was performed through the second left interspace an- 
teriorly, with removal of short segments of the second and third costal cartilages. The 
tumor lay in the superior mediastinum just lateral to the left subclavian artery and aorta 
(Fig. 1). It arose from the vagus nerve and extended to the branching of the recurrent 
laryngeal nerve. Below the recurrent laryngeal nerve, the vagus contained three fusi- 
form smaller tumors, each about 1 by 0.5 em. The upper border of the main mass extended 
to just above the superior margin of the clavicle. The mediastinal pleura was incised, and 
the tumor removed by blunt and sharp dissection including the vagus nerve for a distance 
of 2 em. below the lowest tumor. The postoperative course was uneventful except for two 
complications: hoarseness of the voice due to left abductor vocal cord paralysis and a tem- 
porary radial nerve palsy. Following the operation, the pulse was rapid, between 100 and 
120 per minute, returning to 80 per minute on the seventh postoperative day. 


Fig. 1.—Artist’s drawing of the position and extent of the neurofibromas. 


Pathologic Report.—Grossly, the main tumor measured 9 by 5 em. The attached seg- 
ment of vagus nerve was 4 cm. long and contained three additional fusiform swellings, 
about 5 mm, thick and 1 em. long. The cut surface was firm, fibrous pale yellowish tissue 
with a soft translucent peripheral zone at one pole. Histologically, it was composed of 
small fibrous bundles similar to nerve bundles, separated by a looser textured delicate, 
fibrous tissue, with infiltration by small cells resembling lymphocytes, occasional foci of 
foam cells, and a rare multinuclear cell. A thin, fibrous capsule surrounded the tumor 
(Fig. 2). 

Eleven days later surgical correction of the pectus excavatum was performed. At 
operation, the right side of the sternum was practically normal with an almost normal 
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curve to the ends of the ribs. However, the distal two-thirds of the sternum twisted and 
dipped down steeply to the left which caused the cartilages of the left lower ribs to curve 
eonvexly backward at a sharp angle. Two of the left cartilages projected posteriorly and 


impinged markedly on the heart. It was as though the left lower corner of the sternum had 


been pulled posteriorly and rotated toward the right to produce this unusual twist (Figs. 


3 and 4), 


Ster2um 


Cartilage 


R. 
WE 


%: 


Fig. 3.—Diagram showing the downward displacement of the left side of the sternum and left 
costal cartilages, with comparatively normal contour on the right. 
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The anterior aspect of the thoracic cage was exposed through a midline incision and 
the pectoralis major and rectus abdominis muscles reflected back. After removal of seg- 
ments of the third to seventh costal cartilages bilaterally, a transverse wedge-shaped piece 
of sternum was removed from the anterior table at the level of the second interspace. The 
left two-thirds of this part of the sternum was then completely divided through the 
posterior table also, except for the posterior periosteum. The posterior cartilaginous knobs 
and sternal ridge were removed, and the sternum was elevated. Further segments of 
cartilages were resected, and the sternum fixed in its new elevated position with 0 braided 
silk sutures. 

The patient was last seen ten months postoperatively and was entirely free of cardiac 
symptoms (Fig. 5). 


Fig. 4. 
Fig. 4.—Preoperative photograph of patient. 
Fig. 5.—Photograph of patient ten months after operation. 


SUMMARY 


A ease of neurofibromatosis with neurofibromas of the vagus nerve in the 
superior mediastinum, associated with severe pectus excavatum, is presented. 
The neurofibroma was successfully removed with a segment of vagus nerve; 
this was followed in eleven days by operative correction of the pectus exca- 
vatum. Tachycardia persisted for seven days following resection of the tumor. 

We have found reports of only two intrathoracic, vagal nerve sheath 
tumors. 
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Editor’s Note 


In the December, 1952, issue of the JouURNAL, Volume 24, pages 637 to 641, there appeared 
an article entitled ‘‘Concurrent Lymphoma of the Lung and Stomach—Follow-up on a 
Previously Reported Case’’ by Paul L. Shallenberger, M.D., Peter Fisher, M.D., William C. 
Beck, M.D., and Charles H. DeWan, M.D. In that article the statement is made ‘‘ This case also 
represents to our knowledge the first published account of a lymphoma of the stomach diagnosed 
by gastroscopie biopsy and proved by operation.’’ 

It has been called to the attention of the editor that an earlier article on this subject was 
published by Dr. Edward B. Benedict of the Massachusetts General Hospital. That article 
was entitled ‘‘The Differential Diagnosis of Benign and Malignant Lesions of the Stomach 
by Means of the Flexible Operating Gastroscope’’ 


published in Gastroenterology, Volume 


14, pages 275 to 279 in February, 1950. In that article Dr. Benedict described two cases in 
which the diagnosis of gastric lymphoma was made by biopsy at the time of gastroscopic 


examination, and was subsequently proved by operation. 





